MULTI OBJECTIVE ANALYSIS OF WATER RESOURCES
PROJECTS THROUGH SYSTEMS APPROACH

—A Review—

A DISSERTATION
submitted in partial fulfilment of
the requirements for the award of the Degree
of

MASTER OF ENGINEERING
in
WATER RESOURCES DEVELOPMENT

By —

- M. GOPALAKRISHNAN - |
o “AOGRREE ey T
e \/%% N\
| ,f /08835 ¢
= (5 D ?ﬁg;{ﬁ
\ﬁ_m s

CQo_

WATER RESOURCES DEVELOPMENT TRAINING CENTRE
UNIVERSITY OF ROORKEE
ROORKEE, U.P.(INDIA)
1976



Water Resources Development

PROF. HARI KRISHNA Training Centre,
PROFESSOR PLANNING University of Roorkee,
ROOKKEE, U.P.

CERTIFICATE

Certified that the dissertation entitled "Multi-
Objectlive Analysis of Water Resources Projects through
Systems Approach - A Review", vhich 1s being submitted
by shri M.Gopalzkrishnan in partial fulfilment 'for the
award of Degree of Master of Engineering in Water Resources
Development of the University of Roorkee is a record of
the candidate's own work carried out by him under my
supervision and guldance. The matter embodied in this
dissertation has not been submitted for the award of
any other degree or diploma, to the best of my knowledge.

This is to further certify that he has worked for
a period of over nine months for the preparation of this

dissertation from October 1975 to July 1976.

Roorkee (HARI KRISHNA)
Dated 2.1 1916

)



ACKNOWLEDGEMENT

I am deeply grateful to Prof. Hari Krishna for his
most valuable guldance and assistance thmughbut the course
of this study. Even during hls stay away at U.S.during this
period, he took speclal pains, smidst his busy schedules to
scan, collect and provide all the relevant data in the field.

His patient hearing, pertinent advice, data and encouragement
led to the timely completion of the work.

The inspiration to take up this multi-discipline topic
of growing importance followed the inmitial training under
Prof, David C.Major, Department of Civil Engg.,M.I.T., who
visited the Centre in 1975. I thank Prof. Major for the
preliminary consultations I had with him in September 1979,
and also Dr. Mahesh Verma in the Centre for encouraging my

decision to launch a study in this relatively new field of
great potentiality.

I owe a particular debt of gratitude to Prof.Prahlad
Das, Head who has been a source of sgtimulation throughout
my course work 1n the Centre.

My thanks are due to my organisation, the Central
Water Commission, Govermment of India, for having given me
an opportunity to undergo tralning in the field of water
resources development in {.R.D.T.C.

My brother Dr. M.Srinlvasan, Ohio endured the trouble
to supply necessary materials required by me for this vork.
I gm indebted to him.

Finally thanks are due to various authors/other
sources who have been .freely consulted (and quoted) as
listed in Bibliography. The Library facilities at WRDTC,
University of Roorkee, Central Water & Power Commission,

besides other Delhi Libraries (particularly American Library)
are gratefully acknowledged.

M. GOPALAKRI SHNAN

Gy



CONTENTS

Certificate

Acknovil edgement

Contents

List of Figures

List of Tables :

Synopsis
Chapter

0 INTRODUCTION
0.0 _ Fundamental Objective.
0.1 Problem Definition.
0.2 QReporting Format.

PART I THE SETTING
1 TRADITIONAL BENEFIT-COST ANALYSIS
1.1 Benefit-Cost Analysis - A History.
1.2 The Economic Aspects and Related
problems in Evaluation of Traditional
Benefit-Cost Analysis.

1.3. Welfare Theory and the Need for Employ-
ing Multiple Objective for Plamning.

2 ON OBJECTIVES FDR PLANNING
2+1. National Economic Development.
2¢2 Income Distribution.
2.3 Envirommental Quality.
2.4 On Other 0Obj éctives.

3 PROBLEMS IN EVALUATION
3.1 Social Rate of Diécount
3.2 Social Value of Investment.
3.3 Uncertainty/Risk.

L‘ﬂl')

ii
111

viii
ix
Page

12

19

23
37
55
61

65
71
75



5

A GENERAL APPROACH FOR MULTI OBJECTIVE
PROBLEM SOLUTION

.

4,2
4.3
Yk

%.5
1’-.6

4.7

Introdanction
Steps in Analysis
Transformation Curves.

Social Welfare Curves/Indifference
Curves.

The Choice Process.

Purpose as Objectives in the Choice

- Process.

Summary Findings.

PART II  ANALYSIS BY SYSTEMS METHODS

MULTII OBJECTIVE DECISION MAKING MODELS

5.1
5e2
5.3
5.
5.5

Introduction

wWeighting Methods.

Sequentisl Elimination Methods.
Mathematical Programming Methods.
Spatial Proximity Methods.

MATHEMATICAL MODELLING OF MULTI OBJECTIVE
PROBLEM

MULTI OBJECTIVE SOLUTION STRATEGIES

7‘0 1
7.2

7.3

Generating Technlques.

Techniques that rely on Prior
Preferences. '

Interactive solution Techniques.

" A PRACTICAL APPROACH TO WATER RESOURCE
PLANNING PROBLEM

8.1
8.2
8.3
8.k

Introduction

Models in Systems Analysis,
Multi-Objective Problem & Case Study.
Sumnary Comments.

88
90
91

95
99

105
107

109
111
115
118
121

123

130

%5
155

17%
177
161.
187



9

PART __III  CONCLUSION

SUMMARY, FINDINGS AND RECOMMENDATIONS

Aprendix I
National Sectoral Model.

BT BLIOGRAPHY.

188

197

205



Figure
Number

1.1
2+1

2.2
2,3
3.1

3.2
3.3.
.1

b,2

l".3

bk
4.5
4.6

.7

4.8

6.1

LIST OF FIGURES

Details

Planning Process.

Demand for Domestic wWater,
willingness to pay, consumers'
surplus, competitive market
value and actual payment.

Impact of considerable increase
in production.

Redistributed benefit - graphical
representation,

EBffect of Application of shadow
Price on Investment costs.

Gambler's Indifference Map
shape of Utility Function.

Transformation curve for dual
objective: NED & RI

Transformation curve for dual
objective: NED & EQ

Social Welfare Function as a func-
tion of the utility of individual.

- Simplified presentation of SWF

Implicit in different forms of
Soclety.

simplified approximation of the

! e

social welfare function for a nation.

Graphical Representation of Multi-
Objective Analysis ~ NED-RI dual
objective case.

Graphical Representation of Multi-
Objective Analysis - NI-EQ dual
objective case.

Graphical Representation of 3D
Transformation Surface.

Non-Inferior points - Concgve
Bl-criterion Problem.

o~

]

Insertion
before page
number.

22

28

78

93

9%

100

108

129



6.2

7.1

7.2

743

7.4
7.5
7.6
7.7
7.8

7.9

8.1

8.2

Example Problem.

Feasible Set in Function space and 1
Non-inferior solutions indicating
nature of duality gap.

The constralnt approach ~ a geometric
representation.

Information flow for the conjunc-
tive use of simulation model and
search technique.

Function Spagce Showing NI solutlon
set and the goals 7Z for each objective.

Goal attainment Method - Function

space Representation.

Common Algorithms of Interactive
solution Techniques.

Regression Fitting of _A (X
as & function of[zk (x) rk [ K ]

Determinaxion of 1ndifference band
rk and SWF construction.

Flow Chart for dual objective algo-
rithm of SWT Method with ¢ constraint
approach.

The River Basin and Development
Alternatives.

The Generated Net Benefit Transfor-
mgtion curve.

129

133

ele

151

156

171

172

183

187



Table
Number.

2.1

2.2

205

7.1
8.1

8.2

. Factors Leopolds Evaluation

- gories.

- factors.

LIST OF TABLES

Details

statement of comparison of
Methodologies for consideration

of redistribution objective.

Fleld Evaluation of Aesthetic i
Numbers for descriptive cate-
Category Assignment for aesthetic
Factors. .

Uniqueness ratios for aesthetic

Sites in order bf‘Uniqueness Ratio.
Stem Method: Pay-off Table.

SolutionvProcedure and results
for generating the non-inferior
Set .

Design capacltles corresponding
to the points on the transforma-~
tion curve.

Insertion
before page
number.

20

59

157

185

187



MULTI OBJECTIVE ANALYSIS OF WATER RESOURCES PROJECTS
THROUGH &Y STHEMS APPROACH '
- = A Reviey ~

SYNOPSIS

This study is an attempt to consider a multiple objective
planning base for water resource projects. It identifies the
objectives relevant to water development as National Economic
Development, Income redistribution and Envirormental Quality:
some other objectives identifiable from planning documents

have been 1listed.

Soclal benefit-cost framework that simultaneously con-
sider 'willingness' to pay of the beneficiaries, opportunity
costs and shadow prices has been brought out, Evaluation pro-
cedures for regional income distributidn are described.
Necessity for devising suitable scples for other objectives
has been indicated. A combined treatment of social rate of
discount and social value of investment has been favoured that

also takes 1ﬁto account uncertainty.

The classical approach to multi-objective analysls

| attempts to evolve the technical transformation curve and
soclal preference curves for locating an optimal choice.
While this approach is illustrated the need for systems app-~
roach to handle complex problems is emphasized. Following
this, the solution strategies for multi-objective optimization
have been detalled after a brief survey on models for multi-
objective decision meking. As multiplicity of objectives intro-
duce a vector in optimization function, maximization (or mini-
mization) of the objective function in the classical sense

is difficult. The Concept of non-inferiority has been brought

(%)



out. Trade-offs that explicitly conslder preferences bhetween
objectives are obtainable by systems techmiques. Solution
procedures of this class relevant elther for a'top-down

methodology! or a 'bottom-up methodology' have been discussed.

For practical application to complex water resources
systems, the use of system modelling including multi-objective
analysis has been indicated. The study has been concluded

with a review on a simple'case gtudy.'
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INTRODU CTION



INTRODUCTION

0.0. FUNDAMENTAL OBJECTIVE

Water Resources Development has occupied‘ a prominent
Iposition in the development plans of India.u3 Projects to
serve this end are major public investment programmes which
have a far-reaching ecoriom:l.c, social and envirommental impacts
on implementation. The fundemental goal for planning the water
resource projects Smuld th’erefore be the enhancement of the
generai u}elfaré of the nation. The aim of this study is to
attempt how best this could be achieved in the plenning pro-
cess by an éxplicit consideration of objectives that reflect
the soclety's welfare: and how best the systems approach could
be utilized to analyse the problem thus formulated.

0.1. PROBLEM DEFINITION

O+1.1. Broblem 1

Oelefeatls The water Resoxirce Project formul atlon concerns
presently with the economic efﬁ.ciéncy. The Benefit-Cost
Analysis which éerves to this end relies upon 'consumer
sovereignty' and 'competitive market mechanism! to detemmine
prices. The normative economi ¢ theory that underlies the
Benefit~Cost Analysis stresses upon 'Pareto Optimality' as
the ideal that is sought.

0¢14142¢ Equity and other considerations havé resulted in
an increasing awareness for the need for simultaneous congi=-
deration of other objectives that reflect the welfare of
gociety. The problem n@ber 1 of the present study is therefore‘,
identified as "Identification of Objectives", \

J



0.1+2. Problem 2

0¢1.2.1« The traditional Benefit-Cost calculations strive
for a 'commercial profitability’, through the economic effi-
ciency criterion. With the existence of imperfect markets

and structural disequilibrium, these calculations do not
reflect social gains or losses adequately. The need is appa-
rent for a social benefit-cost calculations almed at system-
atizing tuc complex problem of project planﬁing from the point

of view of society or nation.

0+41.2¢2s Also criterion for measurement of benefits and
costs for the various objectives other than economic effi-

ciency is important so as to have a proper evaluation.

0.1+2.3, Public investment in water resources involves
commitments over time whose implications need a careful
examination in project evaluation. This brings into consi-
deration the social rate of discount, the opportunity cost
of investment and risk/uncertainty.

0.1.2.%., The problem number 2 has therefore been identified
as the complexities in the evaluation plans, glven the objectives.

0.1.3._Problem 3

Essentially multi~objective planning elevates many
of the non-commensurate objectives at par with that of eco-
nomic efficiency. This necessitates the treatment of an objec-
tive function that is a vector in place of conventional

scalar objective function.



p{

The modelling, mathematical programming and evaluation
of multiple objective vector functions hgve been identified

as problem No.3.

0.2. REPORTING FORMAT

The identifiéation of the relevant objectives for water
resources planning, the complexities in evaluation of the
projects together with a classical approach to multi-objective
problem solution have been taken up in Part I... THE SETfING.
Problems»ldentified as 1 & 2" are dealt with in this parﬁ.

Part II ..... ANALYSIS 1is devoted to deal with problem
3 above. It details multi-objective problems, solution stra-

" tegies and decision-making methods.

Part'III concludes the work with a SUMMARY, and reports

FINDINGS and recommendations for further work.

0.2.1. The Arrangement of Chapters
026707 Multl objective planning for water resources is

a generalization of traditional benefit-cost analysis. Howevér,
unlike the traditional benefit-cost calculations which reflect
the projects contribution to the national income, in multi-
objective analysis, projects are evaluated in terms of their
contributions to all soclally relevant objectives ldentified
prior to planning. An useful point wherefrom the study could
set to roll is, therefore, an inlook into the evaluation
processes in waterAresources planning. The history, a critical
review of the traditionzl benefit-cost anglysis and the nece-
ssity for multi-objective planning have been taken up in
Chapter 1. |




0e2e1e20 In Chapter 2 the different objectives are explored.
The recent practices in U.S. hasrbeen reviewed and a compa-
rison to Indian Planning objectives attempted. Besldes the
framework for a soclal cost-benefit analysis to obtaln the
real social gains/losses to the nation, the appropriate
measurement procedures for the income distribution benefits
have been attempted. For other non-commensurate objectives
like envirommental quality, the need for scales pf megsure=

ment are indicated.

0.241.3. Chapter 3 1looks into problems in evaluation viz;
considerations with respect to social rate of discount for
differen£ objectives, the social value of investment. Atten-
tion has also been paid to the element of uncertainty/risk.

C.2.1.. Baéic to req\iirement of solution of multi-objective
problem is one of evaluating the transformation surface: this
together with 'a priori knowledge of indifference among
objecfivés yield soiution in a simple manner. This classical
approach to problem is presented in Chepter k. |

0.2.1.5. The need for a systematic approach in planning to
improve the decision-making process is ob%ious, A survey of
the avallable models in decision-making process 1s made in
Chapter 9; most of the solution techniques for multi-objective

problems are found as a combination of these methods to best

. sult the purpose.

0.2.1.6. Chapter 6 has been devoted to the mathematical
modelling of the multi-objective problem. | A A :



0.2+1.7. Though the concept of multi-objective analysis
is recent, the related solution strateglies are varied and
plenty even at this early stége. These solution techniques
have been categorlsed in t.hree;broad groups as 5elow based
on their approach to problem solution and dealt with in
Chapter 7. | |

1) Generating Techniques for multi-objective problem,
11) Technlques that rely on prior knowledge of preferences,
1ii) Interactive solution techniques.

0.2.1.8. The application of the multi-objective planning for
a large water resource system with multiple objectives is
complex. The aid of the systems modelling and computer based
analysls procedures are needed to handle them effectively.
This aspect together with a brief review.of a case study has
beén the consideration for Chapter 8.

2:2s In the final Part III, gummary, Findings and Recommen-

dations, a recapitulation of the multiple objective framework
has been presented in a nutshell; the findings are listed; and

recommendations for further studies indicated.



PART I

THE SETTIING



CHAPTER 1

TRADITIONAL BENEFIT-COST ANALYSIS



1.1, BENEFIT-COST ANALYSIS - A HISTORY

Benefit-cost Analysis is an alld to implementation of
the strategy of development. It subjects the public investment
decisions to quantitative economic analysis. The goals of the
Benefit-Cost anaiysis as well as economic choice, in general,
can be stated as maximisation of utility subject to whatever
constraints the social, economic and political enviromment

impdse.

1.1.2.  The inmitial work on benefit-cost analysis has been
traced to the work of Jules Dupuito65 Howvever, systematic



efforts to apply the technique have been under constant review,
notably in U,S. Following conslderable works in the field in
1920-1930, the U.S.Flood Control Act 1936 stipulated that
feasibflity can be interpreted to mean "the benefits, to whom=-
soever they may accrue, are in excess of estimated costs".
Projects were formulated and designed to demonstrate that the

above standard was being met.

113 The criterion to work out the Benefit-Cost analysis
to satlisfy the objective set forth in the U.S.Flood Control

Act 1936 came only in 1950 when an interagency committee attem=
pted to introduce uniformity into standards and criteria. This

was known more meusl‘y as "Green BQOK"119

1.1, The "Green Book" did not have an official sanction.
in 1952, the U.S.Budget Bureau issued a circular A-47 which
formed the basis for appraisal of projects. This document,
however, faced lot of criticién for its overly narrow "accoun-
tant's viewn.3?

1¢145 For the meanwhile, there were considerable varia-
tions among agencles like U.S.B+R., Aty Corps of Engineers
and Department of Agriculture, in thelr practices for‘evélua—
tion.which shall govern projectrselectienﬁ Maximization of
difference between Benefits and Costs or the fatio of benefits
to‘cost, or rate of return? There wag also disparity in work-
ing out "project costs"/“benefits"31s To review the standards
and ériteria for river development, a panel of consultants was

‘aiip'ointed in U.S. which sutmitted its report in 1961. A new

U.8.dnteragency committee was subsequently gppointed to inves-



1.1.8. The water Resources Council constituted in U.s.
under Water Resources Planning Act of 1965 proposed a multi-
objective system of 4 objectives and 4+ evaluation ac,:counts;:“a2
viz

National income

Reglonal development

Envirommental quglity, and

- social well~-being

The final product as approved in 1973 in U. S.provided
2 objectives in plan fozmulation123

National economic development, and

Envirommental quality | |
and % accounts for recording beneficlal and adverse effects12_3

National economic development

Environmental qdality

flvRegional development, and

S@ial well being.
with the proviso that no one objective 18 to be viewed as.
~inherently superlor to another. This was followed by various
agencives in U.S. evolving their own guideli;le;s for the evalu-
ation of proj ec’r.s21 keeping in view the provisions as above
in the Fedgral Register.123

1:1+9., It is pertinent now to look on our own methods of

analysis. The Ingian analysis of feasibility of the projects
was on the basis of direct financial return, since the nine-~

teenth century upto independence. The feasibilitjr test stipulated



oo

tigate water-resources investment criteria and its recommen-
dations,published as Senate Document No. 97, 87th Cong.,came
into application in U.S.since 1962.

1 ;1;6. With an inter-regional symposium on project pre-
paration and é#aluaﬁion held in Prague in 1965, the United
‘Nations Industriel Development Organlsation, Vienna started
work in the field of "methodology and practice of rational
‘benefit~cost analysis". The cumulative experience of UNIDO
coupled with the recommendations that emerged through the
gymposium, led to the development of a set of guidelines .by
UNID0 for use by the developing countries. wWhile tbe back-
ground papers were written in 1965/66, the ultimate outcome
has emerged as a Guidelines for project formulation and eva=
luation in 1'9?2."”8

141:7 Reverting to developments in U.S., itself, mﬁltiple
objectives came to be identified more and more. The seminal
intellectual work was published in the Harvard water program,
Design of wWater Resource Systan»ss and in Marglin's public
investment criteriago. Following this a U.S.Federal intgr-
agency group proposed in 1969’ a set of uniform criteria for
bringing multiple objective ‘analysis into the everyday evalua-

120

tion process of water agencles. The new criteria were also

due to the deflciencies polnted out in the benefit~cost analysis
by Maass & Major, advocating at the same time a multi-objective

evaluation of water resources and other public investments(f’%ao



1.1.8. The water Resources Council constituted in U.S.
under Water Resources Planning Act of 1965 proposed a multi-
objective gystem of 4 objectives and U4 evaluation accounts:122
viz

National income

Reglonal development

Environmental quglity, and

social well-being

The final product as gpproved in 1973 in U.S.provided

2 objectives in plan formulation 23

viz

National economic development, and

Environmental quality ‘ |
and % accounts for recording beneficlal and adverse eﬁ‘ects123

National economic development

Environmental quelity

| Regional development, and

Soéial well being
with the proviso that no one objective is to be viewed as
inherently superlor to another., This was followed by varlous
-agencles in U.S. evolving their own guideliheé for the evalu-~
ation of proj eci:z;21 keeping in view the provisions as above
in the Federal Register 123

1.1.9. -~ It is pertinent now to look on our own methods of

analysis. The Indian analysis of feasibility of the projects
was on the basis of direct financial return, since the nine-

teenth century upto independence. The feasibility test stipulated



a minimum specified return on the sum at charge on full

56. After independence, the thinking underwent

devélopment.
revision. Economic Efficiency criterion, similar to approaches
in vogue 1in U.S. and other developed countries was pvro,posed
in1964 by the Nijalingappa Committee formed to suggest plann-
ing strategy for irrigation proj ectsw. The Same criterion also
was embodied in Planning Commission's instructions "Criteria
for Appraising the Peasibility of Irrigation Project"(1965).117
The relevance of social benefit cost analysis, for our condi-

tions was also not lost ‘sight of "lﬂ

The National Council of
Appli'ed Economic Research, New Delhi in its report on "Criteria
for fixation of water rates and selection of irrigation projects
(1959) recommends es social benefit cost analysis and the
following rule for selectionsgsl
‘» The:marginal soclal benefit of technically possibile
increment of investment must be equal to the marginal
social cost and the ratio between marginal social
benefit and marginal social cost must be the same for
all inveétménts".
It has been observed therein:
"gince India has adopted planning as a technique
of resource allocation and since planning in India
covers a signifiéant part of the econonmy, estimabz;s
' of anticipated social benefit and social cost should
be accepted as guides for resource allocation for
irrigation projectse. irm,s is necessary in view of the
fact that 1t has not been possible to evolve refined
statistical technique for the purpose. Further, since



planning embraces the private sector as well as the
public sector, the separate measurements of secondary
benefit is not at all necessary. Each sector of the
economy -can he viewed in terms of its contribution to

national income".

Inspite of the realisation that soclal costs and bene-
fits should be accounted for in the analysis, our benefit
cost analysis is based onleconomic effieiency critenia
(Gadgll Committee) and follows the guidelines of Planning
Commi sgion (Research Progrgmme Committee).hs

Thus our system in project evaluation is based on
traditional benefit-cost analysis, the aspects of which will

be looked into, in a brief mamer, in wvhat follows.
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1.2. THE ECONOMIC ASPECTS AND RELATED PROBLEMS IN EVALUATION
OF TRADITIONAL BENEFIT-COST ANALYSIS

1.2.1. General

1¢2¢141. Benefit-cost analysis has been universally emp-
loyed as a powerful tool for project selectlions besides ran-
king of glternatives showing its relative preferredness.
Benefit-cost analysls is characterised as the collection and
organisation of relevant data by some conceptually meaningful

criteria.70 Water Resource Projects are meant to serve multiple



It
]

56

pqrposeé recognised since decades.” All the contributions to
the national output arising out of each of them are evaluated
besides a sﬁniiar exerclse for costs. This demands quantifi-
cation in two important temms:

(1) physical

(41) economical

The quantifying in economic terms requires a hbase or
a common denominator; money is commonly employed to serve this

end.«

1.2+1.2. Basic Concept
The problem of efficient resource allocation is solved
by the traditional benefit-cost analysis following the 2 bagic
general concepts:
1) build every project for which benefit exceeds cost*;
2) develop every project to the point where marginal
benefits equals marginal costs.”
The solution assumes that |
| 1) Punds/Resources are unlimited
2) Benefits as well as costs are correctly aésessahle

~3) A static equilibrium condition in the economy prevails
1+2¢143« Problems
There have been considerable problems in the measure=-

ment of benefits and costs. Traditonally benefits (costs can
be considered as negative beneflts) are classlfied as:

*Variations in this prénciple occurs with the constralnts
of limited resources or institutional abilitles to tuild
projects. As (B-C) tilts the selection in favour of huge
projects, B/C is considered as a criterion; also rate of
return is another practice (as in India) for project
selection. :



1)

Primary (Direct) Benefits

14) Secondary (Indirect) Benefits

(a)' nstemming from" secondary benefits
(b) "Induced by" secondary benefits

Besides intangible benefits also used to be 1dentified
in a qualitative manner and described gppropriately.

The tanglble benefits, which encompasses direct and

indirect benefits, are subj ect to problems comected with 18

1

Elgsticities of demand and supply

‘ 2) Economic fluctuations/changes over time of

3)

)

(a) preferences, and

(b) technology

Functioning and results of the price system itself
affected by

~ (a) aggregate income

(b) income redistribution, and |

(¢) market form

Institutional restrictions that interact on the
validity and relevance of vaiu.es directly yielded

by markét. -h'3

| The problems associated with secondary benefits are

more complex.

All these led to adoption of conflicting evaluation

procedures by different authorities to solve the various

problems by practical epproximations. However, such semantics

as tangibles and intangibles did strenthen' confusion and emo=-



tionel attitudes in matters of eValuation."'3

1+2:2. Benefit-Cost Evaluation
1.2:2+.4The theoretical basis of traditional benefit-cost cal-

culations relies on the market mechanigm to establish prices.
It was Adan 8m1’ch1 who propounded first, welfare maximization
in the market through ®"invisible hand" of perfect competition.
'Thq appropriateness to base the theoretical benefit-cost cal-
culation yon the ;."cqmpetitive model of market mechanism has
been exce_llentiy brought out concisely by Otto Eckstein.31

1:2.2+2. Assumptions |
For an efficient resource allocation the model pfesu-
pposes that |
1) there exists perfect competition

2) factors are: 1) completely independent
ii) divisible
iii) perfectly mobile

Also certain other assumptions are made regarding

i) consumers
il)producers

iii) resources
and 1v) factors of production

10242630 Optimaliﬁy Condition |

The classical analysis yields an equilibrium condition
where 1t would not be possible to make anyone better off with-
out making someone else wbrse off. This concept is the basls
of the traditional cost benefit-analysis following the defi-
nition of Pareto Optimality.””



1.2;2.h. Paretian Optimality and Compensation Criteria
Ihough-logicél and/appears unobjectionable, Pareto

- Optimality glosses over the issue of who pays and who benefits.

"For this purpose a technigue known as Compensation (:ri1'.e:r:’a.;i,<:'n§8

is utilised to resolve the issue.'Anyfproject that fully com=-

pensates each individual for any losses9h and increases the

utilities of some individuals (without reducing those of others)

- emerge as "a.préferabie one'. However, there exlsts an asymmetry

in "willingness to pay as compensation" and "willingness to

- be pald for". These dilemmg are solved by good judgement/

negotiaxions.26

1.2.2.5. Defects and Inadequacles

A few words about Pareto Optimality. For each initial
distribution of wealth ,there exists a Pareto Optimal point.
This indicates an infinite number‘of Pareto Optimal points for
different distributions of weglth. Besldes. the Pareto Optima-
lity condition defines only a limited subset of circumstances
under which social‘welfare will improve. Bator's demonstrations

on this aspect is 1uci&.5‘

1+242.6. Other Aspects

. There thus seems to be nothing sacrosanct sbout Pareto
Optimality. But having made the assumption that the Government
seeks Pareto Optimality, one has to 1ook'1nto the 1nadeq§acies
inherent in the analysis‘93 There are considérable disputable
points which can be categorised broadly as '



(1) Imperfect prices

(:Li): Constraints on resources affecting market price
(411) Price supported programmes

(iv) Changes in supply aixd demand conditions

(v) Unemployed resources

(vi) Externalities.

Fresh water, characteri#tic of utilization is a scarce
commodity. However, items that are considerecii s¢arce, change
with time. water (of acéeptable’standard) once congidered ample
and thus of little value is increasingly becoming scarce with
resultant rise in its value. While scarcity is régistered in
market place, establishing common ma.rkets for water is aiffi-
cult. This leads to the situation in which one finds that some
benefits and costs are correctly registered in market by prices,
some are incorrectly registered by market prices, some are regls-
tered ih no markets although simulated market values sre compu-
table, i?or otheré it is nearly impossible. to have an adequate
market valuatioméB Also constraints on resource use 1s typical.
Cases like quota system introduce complexity due to competitive
and conflicting nature of users. Similarly the value of marginal
unit 'gets affected by program of subsidies. Anticipated charges
in supply and demand condition for items l1like water, are likely
to change cbnsi&erably in years to come . For projects planned
on a longer horigzon estimation of ccsts or gain with due a.djusté
ment for change is complex. Unemploped résourees and utllisation
is another important issue that does not get reflect in B-C-
analysis in its traditional fomm. | |



10202079 Externalities
Externalities are due to non-realisation of the con-
dition that factors are independent. This results in -

(1) benefits whose value does not occur to the
group implementing the project

(2) costs which are not forced back onto the
owners or operators of a system.26

Externalities, grouped under the headings of
time
collective goods
sltrulstic and misanthropic consideratiors and
jurisdictional relationship
or constitutional arrangement
have been treated in an excellent manner by Marglinee, |
with due suggestions for accounting them in the analysis.

Though the above problems were recognised, proj ect
evaluation has been historically based on optimalitj' condi«~
tion; evaluation has taken place - mainly in terms of eco-

nomic benefits and costs, commonly knowzfj"economic efficiency".

1+2¢3. Summary Comments
To the extent that the welfare agpects other than

the efficiency objective 1s considered away, the traditional
benefit-co8t analysis indeed reflects a full approximation
of welfare. Eckstein has derived a solution strategy for a
model based on welfare theory.31 Steiner has evolved a
different model introducing sectoral impacts(public and pri-
Vate) with budget constraint,”5 besides another model that

accounts for the roles of alternative cost in project design

aart



13+ WELFARE THEORY AND THE NEED FOR EMPLOYING
MULTIPLE OBJECTIVES FOR PLANNING

1+3+1, General

Satisfying the Pareto's Optimality, the traditional
benefit~cost analysis strives tovbe economically efficient.
Here, nationsl welfare is identified with national income,
of course, ignoring the other mnon-economic dimensions of
- welfare. However, soclety prefers redisﬁribution of generated
income to lower income groups and regions in order to achieve

greater equality.5 Unless other governmentsal measures are



resorted to such as taxation, subsidy, quota etc. that
redistribute income directly from one group to another
(vhich is more difficult and might be unacceptable to a
democratic society), incorporating the'desired distrivu-
tion of income as a criterion itself while designing the
water regources developmént programme, even at the expense

of potential increase to national income may be desirable.5

The traditional benéfit-cost analysis also does not
take into account many other aspects such as environmental
quality etc. that can affect the quality of life; and conse~
quently national welfare. '

10362 ﬂelfﬂ:e ASEQCE
Welfare as a concept for guidance of planning water

resources programme is complex.131 I’c' is multi-dimensional.
It is not restricted to either economic efficlency or res-

ource readjustment or both. Gaffney37 states

"Economics, contrary to common usage, begins
with the postulate that man is the measure of
all things. Direct damage to human health and
happiness is more directly ‘economic!', therefore,
than damage to property which is simply an inter-
mediate means to health and happiness. Neither
do economlsts regard 'econopglic'! as a synonym for
'‘pecuniary'. Rather money 1s but one of many
meansg to ends as well as a ugelful megsure of
value. 'Economic damage' therefore includes damages
to human functdons and pleasure« The economisgt
tries to weigh these direct effects on people
- in the same balance with other costs and benefits
to the end of making decisions to maximize net
social benefits" :

It would appear th_at wélfére theory. has encompafssed'

a more general concept; maximization of welfare hds required



the conside:aticn of objectives and criteria in addition
to that of economic efficiency.

1.3.3. On Other Objectives

Obj ectives other than economic efficiency have been
identified historically with water resources development.
However, lack of clearly defined goals in this field has
not facilitated a precise definition of these objectives
to guide»planning better, including them in the analysis.
NeVertheless the awareness to employ multiple objective has

been a growing phencmenon.131

The choices made by the political process determine
significant resource and factor allocation. On implementa-
tion of a water resources project, such decisions cause an
irreversible social, ecological and other impacts. It is,
therefore, desirable that planning is done on a broader basis
encoupassing objectives and criteris that best gpproximate
social welfare. Besides economic, the following other dimen=-
slons of welfare are considered relevant by U.S. Water

" Resource Council after a recent detailed study.' 22

(1) Envirommental quality
(i1) Regional development
and (iil) soclal well-being.

1.3.4. Planning for Other Objective
A multi-objective planning process for development

of alternative proposals that yield varying levels of achieve~-
ment in case of different objectives can be schematically
shown as in Fig. 1.1.92
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1'.-3.5.‘ indian Conditiong

Perspective and Five Year (short term) plans deter-
mine the broad strategy of planning in Ind:l.a.l”6 Besldes
the national economic development objective, objectives like
Income Redistribution, Social wall-being are implicit in

planning documents and prOgrammes of action set from time
to time u6 J47,48

~ Our emphasis on environmental quality, however, is
comparably less than that of advanced nations like U.S.
Attitudes and values that.people hold, however, change
with time. Envirommental gquality is likely to be a major
concern in course of time. Projects planned in response to

currént demands must keep this factor in mind.

1.3.6. gummary Comments |

There is need for multi objective analysis for eva-
luation and selection of the water resource plans using
wél:t_‘are concept. The studies that follow ﬁence hold rele-
vance to reglonal development and environmental quality
objectives, besides the objective of national economic
deVelopment. The other objectives of relevance are also
discussed in para 2.4 that follows. Once set with these
objective parameters, the multi-objective analysls aims
to integrate them to proﬁide acceptable non-inferior solu-

tions to choose from.



CHAPTER 2

ON OBJECTIVES FOR PLANNING



2.1. NATIONAL ECONOMIC DEVELOPMENT

201.10 general
2¢1e1e1. The national economic development (NED) objective

is enhanced by increasing the value of nation's output of

goods and services and improving national economic efficiency.

2+¢1.1.2+ The GNP comprising of economic goods and services
produced for consumption, investment and export purposes

indicates the aggregate consumption. The cdncept of NED is



bfbader than that of national income and is a measure of
the impact of governmental investment on the total national
ouﬁput. The gross national product and national income
accounts do not give a complete accqunting of the value of
output of final goods and services resulting from govern-
mental investments because only government expenditures are
included.

2+1.2. Effects of the gystem Design

210241 A typical list of contributions to national

output by direct increase in productivity from an envisaged
56

water-resources system plan could be

(i) 4increases in crop ylelds from irrigation
facilities

(11) hydropower, especially peaking'capacity for
power gystems

- (11i) reduced disruption of economic activity due
to floods, droughts

(iv) reductions of constraints due to non-gvailabi=-
1lity of water for industrial production,
domestic water supply etec.

(¥) 4increassed production from the employment of |
othervise unemployed or underemployed resources.

(vi) fish and wild life preservation
(vii) pollution control
(viii) recreation

{ix) other external economies

2+1+:2+.2¢ Adverse Effects

Achievement of the above beneficial accounts is not



devold of adverse effects. The main adverse effect, from
NED angle due to a development plan is simply the economic
value that these resources woﬁld have had, in thelr alter- -
native best, feasible, realistic expléitation. They are
‘sategorised, broadly,

(1) resources required or displaced to produce -
final or intermediate goods and services by
the plan alternative

and (i11) decrease ih outputs due to external diseconomies.

2+:1.3+« Measurement of Benefitg
"With and without analysis" technique forms the basis

for measurement of benefits (net after accounting for adverse

effects) of the plan alternative.

The output of goods due to the project can be cate-
gorised broadly as |
1. Marketable output
(1) consumer goods
and (ii) producer goods
depending upon whether the goods/services are direce-
tly consumed or employed in the economy for produc-
‘tion of other goods/services.
2. Non-marketable output
represents stream of output that has no market
at all.



2:1.3+1« Marketable Output -
2e1e3e141e " The important factor in benefit estimation
-0f the gystems is to examine if

(1) the net output, either the goods or seivices

" that are contributed, represent an addition to
the economy .

(i1) the net output represents only substitution
leaving total supply before and after the emer-
gence of system, constant.

- In case (1), the output due to the system (which is not
aveilable to.the economy but for the project) is considered
for benefit calculation. If case (i1) is valid, the net
benefits created by the system ére the newly avallable res-
ources that have been released from the alternative supply

prior to avallablillty of the output of the gystem.

An 1llustration for case (ii) will be asppropriste.
Let the systems output represent increase in food gralng
due to.extensive irrigation facilities, which otherwlse
was imported, then the net benefit 1skactually the money .

saved from imports, in forelgn exchange.118

As a first step in benefit estimation, the system
output should be divided as

(1) edditions to supply in the nation's economy as
a whole

and (i1) substitution for supply in the nation's economy.

For the second category, again, identification of

resources previously used in the alternative socurce of supply



1s necessary.

" 241+3.1.2. The net beheﬁt, due to additional supply for'

the economy can be mathematically expressed ass

Wa = B@ - o(® | (2-1)

where W(A) = net social benefits of the systems
E(Y) = soclal benefits of the system
& C(X)

]

soclal costs due to the system.

In the expression the vector Y represents the
_ Variable system outputs (¥y1,y2e+¢+.. ym) assuming m cate-
gories of outputs. Similarly vector X represents system

inputs (x1y X2 ++.ess xp) with n categories of inputs.

The impiied condition being that the system outputs and in- )

puts are related to each other by production function.
£ (X I =0 (2«2)

The rea,,l problem is then the estimation of E(Y)
or the benefijt;s due to a system output. This is measured
by the eriterion "willingness %0 pay". This will be dealt
with for the following two categories;separately,

(1) outputs directly consumed by consumers

- (11) outputs ylelding prodaicer goods:

2¢1¢3¢1+2.1. Outputs directly consumed by Consumers

The benefits in this case are the increments valued -

in terms of individuéls' villingness to pay.Thlis need not
necessarily be what is actually paid for. This is shown in

Flg. 2.1. The willingness to pay for any output, say domestic

27
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water, for example, is equal graphically‘to the area under
the aggregate demand curve. The aggregate demand curve 1is
a representation of how much quantum of output the benefi-
ciaries purchase at successive polnts if the same 1is sold
in free market. Lf Qo represents output level for Y4,
E(Y1) is the shaded ares under the figure. In other words,
1f the aggregate demand is a function y(p) of price p, the
willingness to pay

v
E(Y) = J D(n) dn (2=3)
where Y is level of output
and dn represents dummy variable of integration.
The overall benefits due to various system outputsm 4in

number then is
™m

\
(YY) = Z J D(’f}j) dfu‘ {2=k)
3t o
The relations among willingness to pay, competitive
market value, consumers' surplus and actual payment in case

of subsidy can be read from the figure 2.1..

If a system's output is not iarge relative to the
total markeﬁ, the system will probably not affect the market
prices current market prices may then be used to value the
, output@. This is apparent from Fig.2.2 where (Q2-Q3) repre-

sents output;

* Thus the assumptions of the competitive model viz
constant marginal utilities, profit maximisation of
the producer etc. hold good.

@ The following economic assumptions ape necessary behind
this statement:

1) no rationing or restrictions on the commodity
2) no monopsony exists.
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However if a system's output is large'relative to
the total -current production, the appearance of that output
on the market will force the price down. The downward trend
is appaienﬁ from Fig. 2.2. This indicates two possible condi-
tions:63

(1) the benefits are less than those that would be
calculated if the pre-project price were used
to evaluate project output (as in traditional
benefit-cost estimations). |

& (ii) the producer's gross income may be seriously

affected.
2¢143¢1.2.2. Outputs yielding Producer Goods

When the relevant net output of a gystem is used in
the production of other goods and services, such as irriga-
tion water, hydropower etc., the principle of measurement
according to consumers' willingness to pay still stands.
However, the complexity lies in that the ultimate increase
in consumption made posgible by the increased availability
of the producer goods is also to be considered and this may ‘
‘be many stages of production removed from the system output
itgelf. The full value of gystem benefits, in other words;
mean the immediate purchaser's willingness to pay plus the
extra benefits enjoyed further along the line by those people
vhose willingness to pay for the processed goods exceeds

market price.118
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2+1+3+2+. Non-marketable outputs

Markets in the usual sense do not'exist for some
services resulting from an output of the system. Prime exam-'
ples are flood protection, recreation on public land and
waters, preservation of wilderness or 6ther natural and

h%storic features.

Though the problem is complex,it 1s necessary and
possible to infer, as best as it can be, a reasonable
 valuation for this kind of outputs also, from observed be-

haviour of beneficiaries and other reasonable assumptions.

The typical example is the flood control output. To
estimate how much annual damage will be averted and how much
facilities accrue to new users-as a result of project is
possible if a reasonable assumption that the present flood
piain occupants would be willing to psy any price upto the
full amount of the expected damage, is made.63

2.1+3+3+ Forelgn Exchange

When substitution results in savings or earnings of
foreign exchange the concept "willingness to pay" for foreign
exchange (in terms of local currency) becomes equally valid.
this would necessitate adoption of shadow prices if the
official rate of exchange is different from the domestic
"yillingness to pay".118



2+1.¢. Measurement of Costs

2e1.01. A cost 1s a sacrificed benefitogo,Thus the dis-

- tinction between benefit and cost may be considered as

simply one of sign. It follows therefore that there need

- be no analytical distinction between measuring benefits and
measuring costs. Hence the philosophy of "willingness to pay"
is equally valid for measurement of aggregate consumption
cost. This would in fact not only include the immédiate
tyould be purchasers! willingness to pay"™ but also the excess
tyillingness to pay" over actual payménts for all purchases
down the line, as argued in benefit side. |

2+.1.4.2. Concept of Alternative Cost
The appropriate cost to be considered in analysis is
the opportunity cost. This can.be defined as the maximum

benefits forgone from a feasible,realistic alt'.e::*na't;ive.116

2.1.4.3. Cost of Physical Inputs
- The net inputs that go into msgking of the system
withdraw from the rest of the economy goods and services,
the cost of which shall represent the cost of the project.
Two cases are apparent: ‘ '
(1) The use of various physical inputs for a project
 results in a decline of the totsl availability
of those inputs to the rest of the economy by
exactly equal amount consumed in the project mak-
ing. The cost shall be computed,then,from demand

margin.,



£

(ii) On the other hand, suppose, in response to the
demand by the project for these inputs, their
supply is correspondingly increased in rest of
economy . Inﬂthis case, there is no change in
the total availability of the goods/services
used as an input into the system. The net input
to the project will then consist of those godds
and services‘whose avallability to the rest of
the economy is reduced because these are used
up in producing inputs for the project. Supply
margin shall be the yardstick for costs of inputs
that are met by increased supply from other

sources.118

2.1, Cost of Labour |

The immediate effect of engaging e man's service on
a project is to deprive the rest of the economy those services.
If the necessary conditions involving competitive model and
relatively small chgnge in supply can be assumed to hold,
the market price or a wage rate of a particular grade of
labour may be taken as an appropriate measure of "willing-
ness to pay". But for countries like India, where labour '
markets are uncompetitive thé use of shadovarice is appro-
priate. The real cogt of an unskilled labour is thus,indeed,
zero; hovever, supply of unskilled labour camnot be varied
in the short run as it should be considered alongwith the
long run. demographic trends. The regional dimensions of

labour supply and transfer costs, therefore, need to be
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considered. Regarding skilled labour, increased needs can
be taken care of by "human capital formation". The real
cost of skilled labour, however, is not zero.''®

2+1+.5. Cost of land and Natural Resources used up
in the project

For the water resource system design, land as an
input 15 measured in demand margin. When land is used up
by the project, that land is denied to the rest of the eco-
nomy and cannot be substituted from any other source of
supply. The appropriate measure of cost of land as an input
is the ultimate consumers' “willingness to pay" for the

aggregate consumption benefits made possible by use of land.

An example for illustration: should the land used

up in the project has no other potential use, the market
éleanihg price of land is zero, and irrespective of the cost
that may be actually paid for it, the land must be measured
at zero cost as an input to the project; contrarily, if

the land does have an glternative use but the market does
not provide an appropriate measure of its vilue, it is nece-
'ssény that the cost of land is measured by the net benefits
foregone because the land can no longer be devoted to alter-

native use.

A\ : ,
water and other natural resources need alike treat-

ment., Unlike land, no market exists for water and "willing—

ness to pay" for water uses need to be simulated.

2.1.4,6. TForelgn Exchange costs
It could be:



(1) directly imported inputs
(i1) Loss to economy of exportable goods/services
by use in project as an input.

,(iii) input resources that include foreign exchange.

Fixed quota of imports of a product used up in a
project reduces the availability of @;he product to the rest
of the economy. In such cases, the effective net input is
not foreign exbhange but the product itself ahd its cost
should therefore be measured in terms of willinghess to pay
for the product. ’

As brought in the case of benefit estimation, for
the foreign exchange component, appmpriéte shadow price,
should one exist, must be applied as a correction for

myillingness to pay". 1o

2/&1.50 §9_<}ial Benefit and COg’G Anal! gis
2-1-5-1- General

one of the objectives in social benefit-cost snalysis is
to measure as many of the impacts of a proj eét on any eco-
nomy as completelyas possible. It must account for both direct

as also indirect benefits and costs.

The indirect benefits and costs is an arbitrary distin-
ction, and refers to project galns/losses that could not
wholly be captured and analysed in project.These are due to
externalities and quantification and valuation is .subject to

serious overestimation or under estimation. The limitation,

while recognized, could be qualitatively continued to be



described as fully as possible so that the decision-maker

is aware of the unanalysed factors in the study.

Certain other aspects of importance in the analysis
like social rate of discount, uncertainty and risk, saving/
investment etc. pertinent very much to analysls are separate-

1y taken up in Chapter 3.

2¢1:5.2e Analysis |
The problem of estimation of social behefit/cost.is

best solved by mathematical programming.'Besides yielding
a rapid solution of sufffcient accuracy, the progranming
technique focusses sharp thinking and precise statements.
To make this point clear, a model evolved by Haveman & Kritilla
is presented in Appendix I. The model, in brief, is solved
for a solution in any evaluation of a project as follows:
step I
0 For any system that is proposed, the following are
assessed: 7

1) demands that the expenditure imposes on the eco-

" nomy with as fine detailing as possible as waranted
by data.

- 2) examination of prevailing‘cpnditions including
pattern of unemployment and a comparison.

The former step is solved using empirical analysis
based on input-output models that sort out the demands which
the public expenditures for water-resources development

imposes on the economyl



Step II

In this step, social costs are evaluated after due
considerations for unemployed resources and use of perti-

nent shadow price.

The categories of final contribution of the expendi-
ture are broadly classified ﬁnder six categories (shown in
Appendix I) and thus‘the contributions of lgbour, capital
land and government cre the final product isolated by the
occupational or indus_trial sector of origin within each
payment category.

2.1.'5.3; Data Requirement

As would be apparent from a perusal of the model
(shown in Appendix I), the essential pre-requisite for an
application of such procedures is the evolution of an inter-
‘industry relations matrix, after a formal classification
of the industries and industry-occupation relations matrix
after a similar broad classification of the occupational
categories. Inter-alia, other requirements include an assess-
ment of th@e unemployment and excess capacity so as to adjust

nominal or market price to account for the shadow effects.

2¢1.5.4, Summary Findings

| Thus it 1s obvious that the social bene:t‘it-cbst
analysls required to evaluate the National Economic Develop-
ment benefits in the above manner requlres an inter—-diéci—
plinary effort of the several fields, like engineering,

economics, statisties-:, and social scientes, :. -



2.2. INOCOME DISTRIBUTION

2+2.1. General

2¢2¢101. Apart from National Economic Development, the
concept of relevance of distributional effect in project
selection has been the earllest to be identified in the
evaluation of water resource projects. Otto Eckstein notes
tone- of the criteria on which a project must be judged and
which benefit-cost analysis disregard altogether is the
redistribution of income which a project brings about.31"

rd

o

-



John Krutilla provides an estimation of distribution both
among income clgsses and geographic reglons of a particular
river basin projects' costs and benefitsj he observes:

" glthough we have concentrated on questions of economic:
efficlency we cannot ignore the redistributive consequences
and the issues which these ralise in terms of equi,ty".7o

The objective was examplified luclidly in the magsterly premier
work of Maass and Marglin (in "Design of Water Resource
aystemSS) and later by Haveman, Krutilla57, Mdkean93,Weisbora3o
and others. The ways by which distribution effects might
be taken lnto consideration were brought out by Marglin88

and later by Weisbora!3P,

26261420 "why must redistribution goals be achieved via
individﬁal projects? why not resort to taxations,transfers
and other instruments of national fiscael policy so that the
economic efficiency need alone be considered in project eva-
luation?" Whatever may be sald in favour of the above app-
roach of Hick and Kaldor67, it is apparently unacceptable
if pure lumpsum transfers of income are not costless to un-
dertake. If such pure transfer systems do involve costs =
admini strative or political - any unfavohrable income distri-
bution by-product of a government investment project can be
costly to undo while any favourable effects will bring sav-
ings in the costs of an equivalent pure redistribution
effect. 13°



2.2¢1+30 For developing countries, the objective of
development does stress upon equity in addition to the effi-
ciency. The need for inclusion of this objective for analy-
sis 1s obvious from vgrious plan objectives and conéequeni
govermmental measures taken in Ihdia.vProf. V.X.R.V.Rao,
proposed a study to National Develophent'Council (1963) and
pursued it in the meetings of State Planning Secretaries.
The objective was defined a350 :

"In the context of the need for balanced develop-
- ment of the different parts of the country and
extention of the benefits of economic progress
to less developed regions, a study on the level
of development in different parts of the country
and growth thereof becomes important. A knowledge
of the interstate and inter-regional differences
with reference to various socio-economic indicators
is thus necessary to devise appropriate measures
for balanced development in successive develop~
ment periodst,

Fblloﬁing this an analysis of differences in improve-
ments made in agriculture and other fields and on levels
of consumption and employment among different.regiohs and
differént sections of population 1n'éach state has been madec‘j0
Standard classifiéaﬁions evolved by National Sampleisurvey
for divisional classification of regioﬁs based on épprbpfiate

socio-economic footings have been adopted.

2;2.1.u. All these lead to show the importance of inclu-
gion 6f the distribution objective, in the envisaged multi-
objective analysis of projects.



2.2.2. Distributed Benefits andg Costs

2.26207 Gogls set for redlistribution objective are
varled. Distribution programme may be almed to favour rela-
tively ill-placed region, group, sei, income recipients or
other considerations. Assuming a broader basls, the .regional
development aim could be one of the major redistribution
programme of a nation.SO‘The objective then embraces certain

aims and related positive effects like122

(1) Increased regional income

(1ii) Increased regional employment

(11i) Diversification of the regional economic base

(iv) Enhancement of environmental and soclal well-
'being condition of special region concerned, &

(v)  any other specified components of regional

development objective.

20202224 The redistributional benefits to a group are
equal to the immediate aggregate consumption benefits it
receives minus any offsetting payments made to other groups;
'.the redistributional costs to the group are equal to the.
immediate aggregate consumption costs it incurs minus any

compensating receipts from.other groups.

2424243, Fbur possible tyyes of benefits in a project
with distribution objective arise:123 '
(1) The value of increased outputs of goods and
services from the plan to the users residing

in the concerned region.



(11)

(1i1)

(iv)

2:2e2.k,

41

The value of output to users residing in the
region under consideration resulting from ex=-
ternal economies R
The value of output regulting from the use of
résourqes in the iegioh'under consideration
which are otherwise unemployed of under-emplo?
yed; and

Additional net income accruing to the region
under consideration from the construction or
implementation of a plan and from other economic

activities induced by operations of the plan.

Slmilarly, due to the adverse effects of a plan

upon a particular region, regional degelopment costs arise;

they can be broadly

(1)

(11)

(111)

'(iV)

and (v)

123

The value of resources contributed from within
the region to achieve the output of g plan.
Payments through taxes, asseséments or reimburse-
ment by the region for resources contributed

td the plen from outside the region.

Losses in output resulting from technologicél
external diseconomies to users residing in the
region under consideration.

Loss of assistance payments from sources outside
the regilon to otherwise unemployed or under-
employed resources residing in the region un&er

consideration.

Loss of net income in the region under considera-

+inn Ffram Athom manmamd o b L “e -



by construction or operation of a plen.

242.2.5. | wWhether the net output of the project consists
of the particular goods and services it produces, or of

goods and services it releases from alternative source of
supply, the'immediate beneficiaries may be identified as the
persons who make use of additional supply. Thelr "willingness
£0 pay" fcr it measures corresponding direct aggregate-
consumption benefits. To the extent that the immediate bene-
ficiaries must pay for their use of the project net output,
their redistribﬁtion gains are reduced and those of the
groups receiving the payment are increased. Thus depending
upon the associated cash transfers, the direct aggregate-
consumption benefits of a project may be spread over a number

of ‘different groups other than the immediate beneficiaxy.118

The corrollary conditions ascertaln redistributed

costs.

2.2+2.6, Derkvation of Redlstributed Benefits

within the sphere of income redistribution, project
that‘yield maximum redistributed gains ranks superior to
thev rest of the projects. I1f annual net income generated
from design A 1is denoted by I(A), gross income by G(A)
and system revenues by R(A), the superiority of project A1

and A2 for a glven year is given by the criterion

I >1wd (2.5)

or aah - R N > 64D -R(4D (2.6)



In other words the function

I(a) = ¢&(a) - R(A) (2.7)
fulfils requirement for ranking with respect to redistri-
bution of income (for any single year).

The gains due to redistribution objective is appa-
rent from Fig. 2.3. Unlike aggregate consumption objective,
the basis to determ:a.ne net increase in benefits in case of
redistribution obj ective is affected by the pricing policies
of Govermnment. As seen from the figure, the shaded area
represents the benefit to the desired groups of beneficlia-
ries of ¥' units of water sold at price "ﬁy, and this repre-
sents the difference between willingness to pay and actual
payments (0QoED - 0Qo6 Fy) we thus have

- |
G(Y) = E(Y) = é D(n) dy (2.8)

Where E(Y) willingness to pay (refer 2-3)

D(N) represents the aggregate demand schedule for
demestic: water in the region to be improvised, denotéd
by y. | |

For the cagse shown with price set at Ey the redis-
tributed benefits = E(Y) - B, ¥,

wBasic gssumptions of competitive market are implied
in the derivgtion viz; that the marginal utility of
income is assumed constant; that there is no external
effects and the prices equal mgrginal costs through .
out economy and is unaffected by water-resources
development. ,
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For a multiple-purpose case, if system outputs aré
deemed independent and is represented by Y = (y1...;ym) ’
the aﬁnual redistribution benefits are etpal to the sum
of willingness to pay for all outputs vléss the actual pay-

ments for them.

T

, m - ,
(Y = §£1 [ ,i Bj (ﬁj) My = Pyyj ygd} (2-10)

"The goal of translation of the income distribution
objective criterion into design has problems. These will

1]
N

be discussed subsequently.

2¢2.3+ 'Welght'! for Redistribution Objective-Identification

The explicit consideration for the redistribution
benefit in project evaluation, after arriving at the redis-
| tributed benefits/costs, has been first attempted by Marélin§8
He suggested NB methods viz
(1) Moaximize NED benefits subject to redistribu-
tion constraint. | |
' (ii). Maximize an objective function which combines
efficiency objective with redistribution obj éctive,-
(iii) Maximize redistribution subject to an effi-

clency constraint.

2¢2+3+1. Method (1) ‘
Let I, ... . Iq represent the annual income to be

achieved for the favoured group in the redistribution

objective. For the éystem design period of T, the‘ design



criterion strives to maximize the efficiency objective

function
T B - |
> oy | Bl - M® | - k(D (2-11)
&
subject to
m - o
E (31) - ? Pyij y” PARTEE (2-12)
Eq () -A ﬁ PYpy Vg w>, Iy (2-13)

and to the production function

(g, XT)ZO | (2-14)

where GT = di_scount fac_tor applicable to demand period T

Et("gt) = Efficiency benefits in year ¢t represented
by expression (2.4) for willingness to pay

Mt(z) = Operation,mgintenance and replacement cost
of system year t
K(X) Construction costs.

B

and X,¥ denote. vectors of system inputs and outputs.

By setting the derivgtives of the Lagrangian form
of this constrained maximisation problem equal to zero and
substituing, the following marginal conditions of optimi-

zation result:

T o 2y oM dK
S0y [ oy O —H- - =] —= oy
t=1 aX{ Lo} oXi ~



T >
- Mo [ Doy (Fpa ) = Dyg, | —2d (2-16)
> g [ Dy Gy vt ) -

1{4= 1,.--0000000 n (System inputS)

j = 1, m (system outputs)

The left-hand side of the above equation is the
marginal net efficiency benefit from an increase of one

unit in the size of ith structure:

FM

o, [ mt(m) - MMt(x :\ - MK - (2-17)
1 1)
On the right-hand side we have the multiplier At
multiplying the difference between the gross income deri-
vable by the beneficiaries in each year of pericd t from
a unit increase in the quantity of i¢p input, Dtj(ytj_) 3_7’_'_:5_3_

_ OXy
and the marginal charge they will actually be called upon

to p.ay in period t. (pyt;} 29t )3 in simpler notation
. oxi
it is equal to

T ' ‘
Z kt Mlt(xi) (2«17 .3a)
t=1

i - 1,2....0-0- n.

The equation thereby yields that for the most effi~
clent design fulfilling the redistribution constraints, the
present value of marginal net efficliency benefit of each

structure must equal a weighted sum of the marginal net
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increase in the income of the redistribution beneficiaries

over the life of the system.

The notation A is the welght to be identified; it
is indicative of the shadow price of redistribution in temms
of efficiency. In other words it denotes the efficiency
loss per rupee of net income providéd for benefit of region.
The A, plays a signifigant role in indicating the opportu-
nity cost. |

Constraints as indicated in the method cannot,
however, be confidently set in the beginning as the sen-
sitivity of A at the margin may not be initiglly apparent;
for example, "incomes of Nagaland region are to be increased
by k. one crore" means that this must be accomplished no |
mattér vhat the costs in efficliency are. Policy makers may
like to relax such a decision should the analysls subse-
quently indicgte that the last k. ZﬁpQQOO entails an inordi-
nate sacrifice of efficiency benefits to the_natioﬁ. The
converse situation is also valid; should it be possible
to have a higher distributional effect at legst cost by
the proposed water resource system, planning would dictate
fuller exploitation of the possibllity, at the expense of

 alternative necessary requisite measures.

2+2+3.2+ Method (i1)

This procedure aims at a Grand Efficiency function, '
which * . integrates the efficiency objective and redlstri-
bution objective in a single objective function. The pre-



requisite for this procedure, however, is the advance infor-
mation of the "welght" for the redistributional objective

in relation to the economic efficiency i.e. NED objective.

If p% (the negative of the marginal opportunity cost At)
represeﬁts the redist:ibuted rupees worth, a compositelobj-
ective fu;ction in the following form can be maximised for
an obtimal plan subject to constraints imposed by produc-

tion function

£(XHY = 0 (2-18)
T 0 m
= 4=

, I
> oc[B @ -my ®]- X (%

vhere . _ 4,2,......... T particular demand period

+3
"

the number of demand periods in the economic
life of the system |

E4(Y¥;) =Willingness to pay for the output by benefi-
ciary at tth period.

- y1, ya....noug...ym - output of the systen.

=
!

Pyt;

pre-assigned price for the output y; in tin
period for the level of output corresponding
to yj o o ' a ’ T iy (y = 1,2.0;30.0”1)

O = Discount factor applicable to demand period g



4%

Mt(gp = Operaiion, maintengnce gnd replacement costs

in tth period with input as per vector (X)
K(X) = Construction cost for inputs as per vector(X)

Where g = 1,'0-002‘--.'.1_'.-0... cn

For an intertemporal evaluation, the expression

can be:
m
Pg 2? Eg (Tg) - ;,Z- ] ¥ty Vi g [ Belie) - MR
t=1 ~
, K(X)
(1+714)% "= oy /2
| | o e-21)

vhere demand perlod 't represent one year length and
rr = redistribution interest rate, and.‘pg = efficiency
value of redistribution benefits in year one. '

2¢2+3.3+ Method (iii)
This method.maximizes redistribution subject to no -
reduction in the aggregste consumption benefits from a set

level.

The design criterion implementing the present objec-

tive is maximization of the redistributive objéctive func-
tion. |

I
?1 ol [E Iy - Z Py, yﬂ e

I=1

subject to the constraint on net efficiency benefit

é e By (L) - Mo(® | - k(p 3 NED © (2-23)
&, Ot t ‘3¢ t :\ &) 7' sum benefit
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and subject to f (X, g_g =0 (2=24)

The assigned benefits to the nation should be zero,

positive or negative as decided by policy mskers. o

The schema has been summarised by Marglinee as shown

in Table 2.1. In real world protlems, probably almost a mix
of 3 methods might be needed, in view of the unknowns in
the problem.

2¢2.4. Weigbord's Model fof Identificgpion,of Weights
The real problem of identification of the welght

that planners attach for redistribution objective is attem-

pted by Weigbord, from past government decisions. He obs-

erves130
n"suppose there 1s a project 2, which receives
priorities over project 1 of equal cost, even .
though the real benefits from projeet 1 are
greater when a dollar's worth of additional
income receives a welght equal to unity regard-
less of who receives it. If project 2 1s pre-
ferred nonetheless, then it must produce bene-
fits that would be found to be at least as large
as those of project 1 if agppropriate differential
weights were attached to the income received by
each beneficiary." '

Based on this for the NED and income redistribution

objectives, the following equations for the model are

proposed:1

1 The model in Welsbord's paper has assumed
redistribution to several groups; the model
presented herein, however, has been simplified
50 as to consider income redistritution as
ar. objective, only for one group.

/D 8 & 3‘?!“”1‘-’12 -
.;1.‘--_“1 i.."tr_\ INY ]\f“‘\{!ﬂ\\g“"l' f\: 1.‘ . l'

-
tn.



B, (2-29)

Project 1 - BNED1* >‘1 BRI1

i

B5" . B, (2-26)

. A
Project 2 BNED2 + "2 BRIZ .

~ af7- project 2 41s chosen instead of project 1.

Bygp represents net benefits :to economic effi-
ciency objective,

BRI ‘net redistributed benefits and

A=A« A is the weight assoclated with the objective
for income redistribution. By B, etc. represent
the equivalent net benefits for both the

objectives.

The solution for A 1s obvious. Where there m
groups to be compensated by the redistribution objective
and n gavailable project decisions based on choice from
- valid alternatives, We have 3 cgses: _
(1) m > n - Derivgtion of weights gre difficult
(ii) m =n - The derivagtions are just identifigble

(iii) m < n - Thenumbercrunknowns ,n 1f excessive
| overidentification results. The
weights that spproximately solve
all the equation can be found by,
the theory of legst squares.

A case 1llustration agnd identification of weight

is also presented by Weisbord.13°

130

However, Haveman
contends the validity of Weisbord's approach on 2 major

grounds:



141
Y]

(1) Past decision of political system may not
yield a correct inference of welghts since
decisions on these are based on a multitude
of considerations and not necessarily income
distribution, alsos

(i1) Reliable derivation is not possible by exami-

ning just a few programme decisions.

2+2.4.4, UNIDO Approach ,

However a similar approach as that of Weisbord's has 4
been proposed by UNIDO in thelr guldelines for project eva-
luation. A graphical solution accompanied by lucid expla-
nations for calculating the weight, dgsignated as "switching

ne
value for policy-mgkers", has been presented.

2.2.4.2. The problem may be simpler, if Indlan Plan-
ning Commission (or CPO as used in UNIDO text) could arti-
culate such welghts for an eagsy evaluabtion of project by . /

formulators.

2.2.5. Reglonal Income Multiplier : "

The ultimate benefits that accrue to the beneficiaries
due to redistribution objective requires further adjustment

for the effects due to this phenomenon.

The propensity of dlrect beneficiaries to spend a
portion of their earnings within the region creates secondary,
tertiary and later rounds of activities. However, the chain
of indirect benefits, though in principle, can>continue idés-
finitely diminishes in magnitudes progressively. o



&1
3

If Y represents the marginal proportion of the
'direct! net redistributional benefits RD, vhich, when
respent, results in additional net benefits to the region,

then the value of 'indirect' net redistributional benefits

RI can he expressed as:
RI = Y RD + X (‘.(RD) + Y (YaRD) + Y(Y3RD) +ogoo'.
= RD (Y +Y‘2+..~(3+ IR ) (2"28)

and the total net redistributional benefits to the region,

RT is given by

rY = gP

1
D )

(2-29)

The expression ( 13Y ) is called the "regional

income multipliern.

Thus the net benefits to a region, gpplying "willing-

ness to pay" concept is

. B  (2-30
(=3 [Et y¢) - % Py is ytj} (2-30)

Irrespective of methodology followed in cgse of
redistribution objective for solutibn, it has been observed
that the multiplier effect improves the system performance

in temms of efficiency.



2.2.6. Reglonal Sectoral Model

The problem of regional analysis accounting for the

sectoral impact of public investment 1s more complex.

A multi-regional model, llke the national model
(Appendix I) is of great assistance to estimate the regional
demands imposed by a fingl expenditure. Haveman and Krutilla
have evolved a reglonal sectoral model as an extension to
national sectoral model, bzsed on a number of assumptions

'that are necessary to solve the intra-regional impacts due
to system 1nput.57

to

The type of assumptions, intealia, relate

(1) Inter-reglonal distribution of the demands not
met by the region in which the project is built.

(ii) The extent of intra-regionazl preference given to

industries within the project region.

(iii) stability of these patterns over time across

regions and across project type.

Basic to arriving at the-above factors 1s the know-
ledge pertaining to regional trading patterns and inter-
regional differences in industry production functions. Data
on the abofe for Indian conditions need to be generated and
efforts in this direction will be the premier step leading
to adoptioh of such models in analysis of water resource

projects.



2.3. ENVIRONMENTAL QUALITY

'2.3.1. Intreduction

Environmental quality, as an objective, contemplates
the preservation and enhancement of natural values and, in
addition, the correction of "misfits".123 Water resources
development plans can have both beneficial and adverse
effects on environmental quality. Since one has to0 deal with
"a hard-to~define" loss in quality of environment, the con-
sideration of environmental quality, even limited to water
63

resource projects, is complex.

2.3.2+« Indlan Context
The relevance of the objective to Indian conditions
is open to argument. Costly measures to serve the objective,

may be thought of as the luxuries of the affluent and irre-

Q!

L4k
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levant to a developing nation on the march of g:nowth.101
However, there need be no such misgivings. The concern of
the government in the preservation and enhancement of envi-
ronment is more and more apparent from the various measures
and schemes under hand.51 The organisation in charge of
Environmental Planning and Coordination in the Department
. of Science and Technology, Government of India, has,in fact,
launched upeseveral eco-development projects in vgrious parts
of the country.110 The OEPC has also underteken, in cooper-
ation with.UNESCO to coordinate the national "man and Bio-~
sphere" programme of ecological research. The programme will
study the effects of man's activities on the natural envi-
ronment. '

273f4f Problen

Given 1ts rélevance, then the problem centres around

the megsurement of ébjective as the environmental quality
1s characterized by its non-market, non-monetary nature.63
Itvis not possible to identify, ¥BSor less measure, all
effects or changes, at present. Only reasoned judgements
by an inter-disciplinary team: that can express the impacts

in some form,indicating inherent limitations,can be of use

for decision-maké:.123 '

2+3¢5. Clagsification of Environmental Quality Objective
For effective presentation of the effects of a deve-

lopment plan on enviromment, the following classifications

have been adopted by the U.S.Federal Government based on

recommendations of Water Resources Council:122



2.3+5+1. Environmental Quality Benefits

1. Beneficial effects resulting from the protection,
enhancement or creation of open and green space,

\ wild and scenic rivers, lzkes, beaches, shores,

&PKL mountains and wilderness areas, estuaries or
I other areas of nptural beauty.
2. Beneficial results from the preservation or enhance~
, ‘ment of especiglly valuable‘archeological, histo~
W’N . rical, bioclogical and geologlical resources and

13

W selected ecological systems.
3. Beneflcial effects resulting from the enhagncement
AW of selected quality aspects of water,land and
e : alr by control of pollution.

L, Benefits resulting from the preservation of
freedom of choice to futﬁre résource users by
actlons that minimize or avold irreversible or

\6§{ inter-reversible effects or conversely the aiverse

effects resulting from failure to take such actions.

2+3.5.2. Environmental Quality Costs

- The ad#erse environment effects, as a result of a
plan, are considered to be the ohve;se of the beneficial
 eﬁvironmental effects described abo#e. The U.S.Government
proposes that plah effects of environmental quality objective
should be suitably diSpléyed showing separatély the beneficial

and adverse effects.123
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2:3.6: Megsurement of Environmental guality Objective

With the recognition of envirommental Quality as
an objective, placed at par with national economic develop-
ment objective in United States, considerable impetus has
come in the evolution of megsuring scales for human and
ecosystem vélues; techniqﬁes for measurément are growing.
Impact arialysis, map=-overlay plamning and resource inventory ,
land-use zoning methods etc. are some of these techhiques

under evolution.107

As an example as to how such information can be gene-
rated, the "quantitative comparison of some aesthetic factors

among rivers" studied by,Leopold72

y, can be cited., Leopold
develops what he calls a 'unigueness index' that could be

of utiliﬁy to plamer to compare alternative potential sites.
Leopold surveyed a number of streams and recorded 46 charac-
teristics or factors, each assigned with a valuation number
of 1 to 5. (shown in Table 2.2). For the surveyed streams,
Leopold assigns values based on the above procedures, and
considers that stream 'more unique' with respect to a parti-~
cular factor, the fewer the number of streams sharing the
same value gssigned to that factor. For example, with respect
to'debtb at low (table 2.3) stream 2 was thevoﬁly one assigned
value of 3, whereas six out of the 12 streams had values of 2,
two had values of 4 and three had values of 5. Stream 2

would thus be assigned a 'unlqueness ratio' with respectto

dept at low Flow of 1/t =10, Lhereas ax of he streams would have a

"l

umgueness ratio  with respect to 3
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Table 2.5

' 8ites in order of Uniqueness Ratio
: (After Leopold)™

~ Aesthetic Factors

‘ Total
Physical Biologic Human ‘ ‘
~ interest
7 5 7
L 10
5 8. . 10
8 3 L
10 11 8
12 1 1"
6 "2 6
11 7 3
1 9 12
10 3 I 1
11 1 2 6 2
12 12 | 9 12 9




thel factor of 1/6 = 0.17. All the uniqueness rato are then
summarized as in Table 2.4. Though there can exist different
methods to combine the 46 uniquehess ratios of each stream
into one index, Leopold chose to add the ratios over subsets
of the factors and overall factofs (Tables 2.9) . The total
index provides a ranking of stream in uniqueness. Though
there are such trickish questions needing attention like
thé universe that should considered, method of arrival of
uniqueness, overall or subsef, and other similar problems
in such an analyéis,- the indices as above are extremely

valuable for a solution through systems approach.

2.3.7.’ Sclentific Tools to Study the Problem _

The effects of the expected developmental plan on
the environmental quality is more precisely studied‘ by im-
pact studies. The categories for impact studies could be
in the broad fields like:60

Physical

Biological

'Economié

Aes‘chatic

& Social. | |

vThe physical portion of the ama.lys:t.s is to measure
characteristics of site such as geology, topography, soils,
climate and hydrology. The blological impacts can be asse=-
ssed by classifying the menbers, locations 'and diversity of
the plant and animal communities established in t;he. area of,

or othervise affected by the development. The economic



69

portion of the study is of relevance for identification
of losers and gainers due to project implementation and

is ofv Speclal use where regional income redistribution is .
not an objective by itself. The aesthetic impacts include
the visual and other discernible .changes. Social impacts

encompass projects influences on urbanisation, flood plain

utilisation etc.

Natural resources inventories for a nation is a basic
requlsite for a proper envirommental lmpact analysis. Geologlic
biologic, climatologié, cultural and demographic data provide

the necessary base for any assessment for studies agimed at

balancing water development and envirommental quality .l"z

2.3.8. Conclusion

The cost of a clean environment is impossible to

deterioration of
establish.71 But attention in the prevention of ernviron-

mental qualities is worthy as the environmental degradation

in the past has been alaming due to development activities.
As John Platt 96% puts 1t

"In the past we have had science for intelle-
ctual pleasure, and sclence for the control of
nature., We have had science faraway. But today
the whole human experience may hang on the
question ©f how fast we now press the develop-
ment of sclence for survival."
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2.%. ON OTHER OBJECTIVES

2.%.1. General

India hags chosen planned economic development to
promote the welfare of the people. The objective has been
declared as "ralsing living standards and opening up to
the people new opportunities for a richer and more varied
lifen 3

The Third Five Year Plan embodled "“a soclalist
pattern of society .... as the goal of country's programme
for soclal and economic development," and "the pattern of
development and the struéture of soclo-economic relations
should be so planned that they result not' only in an appre-
clable increase in national income and employment'but al so

in greater equality in income and wealth".h1



The Fourth Plan vhile c¢ndorsing the above aspects
of the earlier plans names achievement of self-reliance
a msjor objective, and that... "the country's requirements
vill be met from within tc the maximum possible extent."
With this objective stress hag been laid on export promoe
tion and import-substitution.*?

The plan also deals with income and provides that
"..es 88 regards distribution, the perspective (plan)
has to provide for a reductlion of inequality of income
properly not only by income groups but also by urban and
rural greas, developed and backward reglons of the country
and scctions within the ggricultural communities like the
large holders, small holders and agricultural lgbourers.'?

Social woll=being has been explored in a separate
sectlon in the plan documents and aspects like education,

health, welfare programmes have been stressed.

2.442. Iypeg of g;gcellénggug Objectives

Ihe\foregping ise aﬁ indicator that the objectives
deployed in any planning process, given the political
gystem, can vary. The plan documents for our country thus
stipulates, as could be screened from the foregoing paras;
the following objectives:

(1) Aggregate consumption
(i1) Income~-redistribution.
(111) Employment
(1v) Self-reliance
& (v) HMerit vants

a2



Items (1) and (ii) have been covered already in ear-

lier section. A brief coverage of the rest is attempted now.

2.4.2.1. Employment Level

Unemployment can be considered as an evil by the
society, as it denies human dignity. Thus the "employment®
as an objective is very relevant. Also unemployment and under- :
employment results in loss of skill and expertise through
lack. of practice.118 The impact of this process of "unlear-
ning" is difficult to be quantified; and its impact on future

consumption/NED benefits is more complicated.

2-1"'.2o20 self Rellance
This avowed objective has been considered in the
planning proposals for the nation to reduce dependance \

on forei gn countri es.

A particular project may help to achieve the self=
reliance while the other increase country's debendance on
foreign assistance. Thus the inclusion of such an objective
has its validity.

2.%.2.‘3. Merit Wants

In a backward rural society, people may be reluctant
to spend money for education ete. but public policy may be
to provide this service despite the expenditure on exchequér.
A similar case exlsts for upliftment through special measures
or assistance to certaingroups consideréd lagging behind

the rest of society.
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2.4.3. Measurement of Objectives

Having recognised such other types of objectives,

the problem for the system analyst is one of measurement.79
This is not insumountable as one can megsure some of the
above items as provision of employment, self-reliance or
merit wants by suitable scales. The evaluation of scales

of performmance for systems' attributes agre basic in systems
methodologies.79 Thus employmgnt objective can be tsken cgre
of by the actual number of employment Opportunities provided
for by the project; a suitable trade-off can be established.
The scale for self-reliance can be the exports earnings and
impart saved. With sultable trade-off between NED and these

objectives a best compromise solution’is feasible.



CHAPTER 3

PROBLEMS IN EVALUATION



3«1+ SOCIAL RATE OF DISCOUNT

3.1.1. General
341141, The social rate of discount is an important

design parameter that 1s required to have a relative valua-
tion of benefits avallable at different points in time.
This may be different for each objective.
3eletels S0 as to achieve the purpose of reducing the
benefits available over a time stream to comparable value
(at present, for example), we resort to | |

1) Relative ﬁeights placed on benefits at different

times
2) Introduce constraints on programme performance

for the different periods.



In case (2), the wéights become implicit in the

level of constraints.

3e1e130 If wi represents such a welght conceived in
case (1) above, for the tth Year hence, then the present

value of the benefits accruing in that year would equal

Wy Bt (3.1)

and we can evaluate the benefits accruing from a time stream

of T years as

WQBO + w,‘B,l + ecosen + thtooooo-"" WTBT . (3.2)

For lack of other alterngtive manner, it may be better to
presume the weights decrease in a geometric fashion akin
to compound interest. This then yields

]
(1 +r )t

Wt = (303)

where r denotes the social rate of discount with which
we are interested. Let us concern about the NED objective

for further anszlysis on soeial rate of discount.

3e1.1.4. With an assumed r as above that is constant
ovér time, the contribution due to a project to aggregate
consumption (NED benefit, in other words) is

© B ()
> Ak (3.4)
i=1 {1+1) 2

where
Byl¥= net addition in i¢h year from project output

wvith input level (X)



K(XX = cost incurred at zero time for the project
inputs (X)
= the soclal rate of discount

3.1.2. Social Rate of Discount - Choice
The crux of the problem lies in the choice of r
in the above formula. '

3‘.1.»2.1’. ‘ One possible solution for the above is the

adoption of"opportunity cost'. According to Banmol61

s the
capital required for -government investments is drawn from
the private sector, where it would otherwise be spent on
consumers goods or reimvestment. To determine the opportu-
nity cost of this cap¥tal, one needs first to examine the
rates of return that. are agppropriate for these alternative
uses. Second, it is necessary to weight the proportion of
the capital obtained from both sources to obtain a composite

oppo rtunity cost.

3.1.2.2.  Howe takes a position®3 that no public project
should bé undertaken that would generate a rate of return
less than the rate of return that would have been experienced
on private uges of funds, that would be precluded by the

financing of the public project.

3e1:2.3. Arrowh' vhile dealing at length the soclial rate

of discount observes that selection of a suitable rate
involves value judgements.
3,142, Marglin.30 analysks |

two loglcal rates, as described below



(1) Marginal rate of return in private sector
for profits (r"), and

(i1) Marginal rate of return of consumption provided
by private investment.

He has seen that they are not sulted for adoption

for vagrious reasons. Marglln's observations are thatgo

"The govermment cannot divorce investment
decisions from decisions about the time patternof
&t consumption and therefore cannot escape
making a judgement as to the relative value

of behefits at different times in the formula-
tion of investment criterlia. Nor can the
government infer an appropriate role of discount
for comparing the present value of the benefits
of public investment with the present value of
the alternative use of resources from rates of
return of either revenues or consumption unless
the government is prepared to judge the overall
rate of investment in the economy optimal.
Otherwise the appropriate rate of discount,...
can be inferred only from the inter-temporal
congsumption preferences that the government
holds as proxy for the people.®

3.1.2.5. UNIDO Guidelines118 advocates two gpproaches
vizs '

(1) The social rate of discount, as a value judge=-
ment to be prescribed by government during
different periods for different objectives;

(11) The social rate of discount as an unknowh of
project evaluation;

(1) In the first method the social rate of discount is

expressed as
r = ~EG (3.5

where E = Elasticity of margingl utility with respect

to per capita consumption
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G = Rate of growth of per capita consumption in

percentage terms.

However, the inference of elasticity from a proposed
plan for the nation necessitates verification of the realism
for projection of G in it and also the optimality. Moreover,
it would be necessary to know iln some detall the inter-
temporal consumption patterns of alternative plans that
have been rejected during the plamning process. With such
information it would be possible to estimate the soclal
margiﬁal productivity of capitsl and by virtue of optimality
of the plan, to use this marginal productivity as a measure

of social rate of discount.

(ii) In the second method, the estimation is recommended
through a sensitivity analysis of the past piojects that

are chosen. The "switching value" that can be imputed denotes
the soclal rate of discount; this is the numerical value

‘of the discount rate for which the projects present net

value is zero.'Algébraically we have, thus

T B.(X
S -——t'--z-’—ﬁ- =0 (3+6)
t=0 (1+r)

- where B, denotes the net discounted benefit for t' year

and T is the economic life of the project considered.

"3.1.2.6. The problem of inter-temporal choice becomes
more éompliéated vhere objectives are many; the unknown
parameters then increase and the "gwitching over® vaiues

derived as in para above coulid only'be related to that parti-



cular set of given parameters.

3e1.3, It is interesting to conclude this chapter on
social rate of discount with the extracted quotations from
de Neufville27:

"The determination. ¢f the appropriate discount
rate is a technical question. It is more comp-~
lex to estimate than the strength of steel
or the stability of an earth embankment. But
it is not therefore more vague........ since
the discount 1s a technical matter, it should
be treated with respect.®

QEMTRAL LIBRARY UNIY

FRSHY OF ROORKEE
ROORKEE -



3.2. SOCIAL VAIUE OF INVESTMENT

3.2.1. General
The social value of investment is the net present
value of benefit stream that accrues due to a unit of mar-

ginal investment. ' °

In a simple model with no reinvest-
ment of benefits, we consider only the direct benefits; by
applying the appropriafe soclal rate of discount, we conve
ert them to present equivalents. The shadow price on invest-
ment is restricted to capitel productivity. However, in any
realistic analysis, the shadow price of investment must also
reflect the consumption produced indirectly by reinvest-

ments.
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3.2.2. ghadow Price on Investment

It is seen that the investment outlays in private
and public sectors are interlinked in a developing economy
as in our country due to limited availability of cgpital
goods; this implies that more the public investment, less

the private investment and vice versa.go |

3e2e24¢1e To consider the impact of the above aspect as

well as reinvestment, let us conéider a simple example:85

Let © represent the component of rupee that has
been drawn for the public project (through taxes ete.) from
reinvestmemt in private sector; Let (1 - ©) represent, the
portion of a rupee of public investment that displaces pri-

vate consumption.

| The portion that is drawn from private investment
i.e. ®, would have generated, applying a marginal internal
rate of return in private investment ¢, an amount equal
to e, next year. If ¥ . is social rate of discount, the

present value of 8¢ is then equal to @e¢ (3.7)
T

The present value of the rupee investment in public

project by taxing a rupee in private sector is therefore

a=-22,(1-0) - (3.8)

Thug the shadow price 'a’% of qulic investment
drawn from both the consumption and investment of private

sector 1s represented by the above equation.



3¢2.2.2+. Effect on Project Selectlon

The maximisation of the objective function for aggre-
gate consumption under NED objective (Equation 3.4) can
then be modified_ as

iZ — — - ak (X (3.-4(0))
=1 (1+1) ‘

(Notations as in Equation 3.W)

The effect of the shadow price is an increase in the

cgpltal costs.

As an example, let us conslider a social rate of
discount of 94 for a water resources project; let the mar-
ginal rate of return on investment in prifate sector be

154. If @ = 0.4, then we hgve

ee

——-+(1~Q) =o.l§x00
r ———0—.—0—;—15—4-0.6

1.2 + 0.6 = 1.8

it

The shadow price on investment thus becomes 1.8." -
The effect of such a change on the choice of (¥X) (the scale
of project) is at once gpparent from Fig. 3,.'1.85

3.2¢3 Justification for Adoption of Shadow Price on Investment
" There could be no doubt that the economic merit of

a project is judged in terms of soclal rate of discount.

However, for major, capital intensive durable schemes like

water resources projects, direct utilization of ¢ , the



(e o]
NET BENEFIT B= X

NET PRESENY VALUE OF BENEFITS AND COSTS

X

SCALE OF DEVELOPMENT OF SYSTEM

X' SCALE OF DEVELOPMENT WITHOUT ADJUSTMENT
FOR SOCIAL VALUE OF INVESTMENT

X2 SCALE OF DEVELOPMENT DUE TO ACCOUNTING
SHADOW PRICE

MAX.(B~-C)

FIG.3.1 _EFFECT OF APPLICATION OF SHADOW
PRICE ON INVESTMENT COSTS
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marginal rate of return of private investment, as a discount
rate 1s an undue discriminating test. The soclal rate of
discount r could alone 1ift them ds neritorious. HowWer,
at the same time, due attention should be paid to consider
the shadow price for investment by utilizing factar ta' to
adjust capltal investment figures. Marglin finds that any
bias due to intfoducing r for social rate of discounting
is thus equalised by such a megsure of accounting shadow

price for ihvésmen’c.go

3.2.4. Synthetic Discount Rate
The soc'i»al value of invesgtment requires further review

and adjustments for:
(i) Utilization of unemployed labour |
(ii) Consumption of a portion of output by private

sector for capital formation etc.

Marglin's detailed analysis, evolves a synthetic dis-
count rate as a function of social rate of discount, shadow

price and economic life.

30245, The UNIDO guidelines adopts rather a similar
approacih to that of Marglin, as indicated above. It observes
that though such a criterion is somewhat fnoré difficult to
apply, the dgifficulty is inescapable, if value judgement and
opportunity costs are to play their designed roles. |



3,3s RISK AND UNCERTAINTY
3+3.1. General

It is well-known that the plamning, design and cons-
truction of water-resources systems involve many risks and
uncertainties, the importance of which cannot, howevér, be
minimized becguse of the durable nature of water resource

projects.

A risky situation is one in which the probability of
eutcome is known. An uncertaln situation is one in which
even this information is totally unavailable. %

3.3.2. Types of Uncertainties
The commonly recognized risks/uncertalnties can be

broadly categorised, as it applies to water resources proj-

-l
y



S

ects” gs

(i) the growth of population, sgriculture and in-
dustries

(i1) the projected cost of labour, material and
inflation

(111) the project benefits/costs

(iv) chgnges in engineering, science and technology

& (v) assumption to model and inherent uncertainties

in modelling with particular reference to hydrology.

3+3.3. Methods for solving the Problem
| - The solution strategies, commonly adopted, to deal

with uncertainties are:

(L) conventional solutions
(ii) statistical methods
(1i1) soclution techniques under decision theory.

3434367, Conventional Solutions
The procedural guldelines for economic analysgis such
as "Green Book" in U.S.proposed three types of solution
categonies:119
(1) conservatism in estimating benefits and costs
(i1) addition of a premium to discount rate, varying
in prbportion to lack of confidence in benefit
and costs estimation
& (iii) conservatism in estimating economic life of

_ projects.

The criterion indicates in general an aversion to risk
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and as Marglin rightly points out, reflects pessimism in

the gpproach of government.

Marglin % therefore suggests that
(1) Policy-mekers must specify their attitude towards
fluctuations in benefits and costs.
(ii) Risks and ﬁncertainty should be pooled since
 this facilitates a greaﬁer tolerance of variance
and skewness in the programme of {ndividual projects,

3¢3.3.2. Statistical Techniques

‘As Dorfman<’

points out, ;here are three "time honoured"
approaches to the problem of uncertainty:
(1) Certainty equivalents
(ii) Gambler's Indifference Map
& (1ii) Risk discounting
(i) Certainty Equivalents
" In this concept, 1t is implied that to every uncer-
tain situation, there corresponds some riskless one that is
indifferent to it. where a choice is to be made amongst a
number of uncertain situations, the one with highest certain-
ty equivalent should be selected. This method howéver, does
not provide any rational procedure to evaluate the certainty
equivalent.
(11) Gahbler's Indifferent Map
This is a diagram shown in Fig. 3.2, in which a
family of expected value-standard déviation that are indiff-

erent to one another is drawn. These hypotketical lines of
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STANDARD DEVIATION, O

% _ UNCERTAINTY SITUATIONS ARE
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2 - MINIMAX

3 _COMBINED
(LIKE HURWICZ)

VALUE OF OUTCOME

26
FIG.3.3- SHAPE OF UTILITY FUNCTIONS




shape shown indicate the trade-off between expected vélue
and riskness, as vwe move glong.it. In faet this diagram

is an ald to determine the certalniy equivalent r:quired in
method (1) above.‘ '

For the number of‘alternativés, we.need 6nly calcu-
late the expected value R and standard deviﬁtion o ahd
show them in the dlagram. (Cross points). The maximization
of expected value can be achieved by choosing the optimal
point such as M in the Eig. 3420

The main difficulty, however, lies in establishing
the indifference map. Besldes, Dorfman29 has demonstrated
fundamental incongistency that might lead to adoption of an
inadmigsible alternative.

(111i) Risk Discounting _

In this method, the certalnty equivalent to a risky
venture is gomputed by multiplying the expected value of the
outcome by ;i? factor. It then follows that higher the risk,
the smaller the. factor is. '

This factor 1s commonly represented by

- (3.9)

1 +oc¢

where ¢cls a behavioural constant

and o 1s the standard deviation.

¢ can be shown as the additional regquirements to com-
pensate for risks, as below;

Let B(X) denote the bensfits from the system. Then



rlsk discounted net benefits is

B (X

1+«0C¢C

(3.10)

where o and ¢ are as expressed above.

This discounted benefit can be deemed as certainty

equivalent. Differen‘oia‘cion of the formula yields 5 this

1 +0¢c
is the percent.age increase in expected net benefits necess~

ary to compensate for a one-unit increase in the standard
deviation of the outcome distribution. From this, ¢ 1s |
found to be the additional requirement to compensate for
risks.zg_ | |

Following the procedure yielded by this method,
How§3ad\rocates calculation of benefit and cost streams as

per the formula below:

B(X) =E [By (§] + BB (D] E [32(;9]
1+ 4+ 7 (1+r + B )
E[By(D]

+ ssseseevate + N (3011)
(1 +0+7T )t - :

where,
E [31;(3)] represents the expected value of benefits
in t* year due to systems outputs 9.0

r riskless discount rate (we can take it as
social discount rate)

r 24

additional discount factor for vhat 1#
likely to be the compounding level of variaw
bility of risk aceruing in future periods.



For costs, Howe proposes

¢ = B[(c) @] +E10D] Elca®]
1+r-% (14+r-3)2

+ esessecoe + E[Ct('x')} .
(1ar-1t

(3.12)

where, ‘ '
E(C)(Y) represents the expected value of costs in

tih year que to systems inputs: (Y)

A L '
r and r as above.

3+3+3.3+ Solution Technlques from Decision Theory .
| The decision theory helps to choose a particular
solution vwhen a choice is to be made among a number of alter-

12

native courses of action. We will consgider 3 such criteria

as below and extend it to Bayesian gpproach for dealing with
risks/uncertainty. |

(i) Maximin and maximax criteria
(1) Minimax or regret criterion
(’iii) Laplace criterion

These approaches are best explained by the solution

of an example problem, as below

‘For the construction of an embankment dsm, the ini-
tial exploration indicated that hard impervious stratum may
lie at & 50', The option of the cut-off has been left to the

decision magker.
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- There are three likely poséibilities:
(1) adopt steel sheet-pile diaphragm and order it
in 40 lengths or 50' lengths (only 2 lengths
‘ are available)
' (1i) adopt concrete~digphragm; but as a require-
ment to this, costly patented techniques are

to be resorted to.

The pgy-off matrix for the various states, for diff-

erent alternatives, 1s as below:

Table 3.1
State  Hard & impervious stratum met at
actian . ]+0' . 50' 60'
1 VOrder 40! sheet-
pile length. - 100 60 - 20
" II Order 50' -do- 70 90 35
III Resort to concrete _
diaphragm. 30 50 - 80

Table 3.1+ Payoff mgtrix showing utilities <

 Let us solve the problem by each of the above criteria
wnicn is as follows: -
Maxima® and Maximin criteria
Maximin rule:

1. Evaluate alternat:l.ve by minimal return that 1t
guarantees

2. Choose the one with the highest guérantee.
For our example case, we have the minimal payoff for



the 3 alternatives as 20, 35 and 30 respectively. The maxi-
mum of the minimum pay off being 35, the choice should go

1n favour of alternative II.

Maximax Criteria |
This suggests that the ¢hoice of an alternative
should be such that it maximizes the maximum possible value
of outcomes. | | | |
We have for the three alternatives the maximum out-
comes as 100, 90, 80 respectively; the maximum of this is
100. The choice should then go in favour of alternative I.

‘The utility functions implied by maximin and maximax
c:iténia_are shown in Fig. 3.3. As seen therefrom, both of
thém implies extreme utility .. functions. while the maximin
indlcates a great deal of risk aversion, the latter i.e.
maximax criterion is insensitive to degree of loss below
maximum. A; de Neufv111926 congiders, neither of them stands
to 1ogic.'; |

ﬁurwicz 76 has, therefore attempted to combine the
two by using an index of optimism <« . In other words he
attempts to solvé the conflict by tracking a via-media
approachw1o3 Let us cgnsider\a decision maker of 4/10th
optimism. We then, have the results of alternatives as per
table 3.2. The choice as per Hurwicz goes in favour of
alternative II. |



Table 3.2
Welght on B Welghted
Alternative. -~mreroTon  Pessimlem total of
' pay~off
1 0.5 (100) + 0.6(20) = 52
11 0.4 (90) + 0.6 (3%) = 57
III O.4 (80) + 0.6 (30) = 50

The results with regard to ranking by the adoption
of the 3 criteria, maximin, mgximax and Hurwicz are, then,
as below (Table 3.3). Considerable varlations in choice can

be observed.

Table 3.3

Altemg;tivg, Ranking according to Decision rule

Moximin Maximgx Hardlez
I 2 1 2
I1 3 2 1

IIT 1 3 3

Though Hurwicz*s}approach is bettér than.the other
”twc, 1t discards the intermediate values that may be of
interest also. Hence none of the approaches by itself appears
to be a panacea for the problem involﬁing risk/uncertain

situations.

Minimax or Regret Criterion29

This method alms at minimizing maximum regret.

76

Savage defines regret of an outcome as equal to the \

difference between the value of the outcome and the maximum



value of the outcome possible for the particular chance of
of events that occured. In other words, the risk in an
uncertain situation 1s compared from a table of return by
subtracting each return from the highest figurq in its

column.

For the example problem, we can evolve the regret

matrix table as below:

Table 3.h
Alternative.  hegret if impervious stratum is met at
YR 50 t 601
1 o _ 30 60
i1 30 0 45
III 70 4o 0

It is seen from the above that the maximum regrets
for the three cases are 60, 45, 70. The regiet 1s minimized,
therefore by choosing alternative II.

However, the regret criterion does not yield absolute
solution values, as we co~-relate thenm to other alternatives.
If alternativeg are dropped or added, the result changes
considerably. For example, let us omit the adoption of al-

termative III from choice range (i.e. concrete diaphrag

alternative). We then find that the criterion favours alter-

native I. Similar exercise by dropping other alternative or
inclusion of any fresh alternative also changes pictufe.26

There is, besides, no transitivity and hence ranking beco&es
a problem. Since the fundamental requirement for utility



theory on transitivity does not stand fulfilled, the adop-
tion of this method for solution is questionable.

Laplace Criterion

_ This criterion is very useful where probability
chances of outcome are unknown. It assumes, in such a case,
equal probabilistic chances. The expected value derived

from the first moment of dlstribution is maximized for a
desirable ehoice. " o

\
For our problem example, we have the expected values

as below:

‘ Table 3.5
Alternative I /3 (100 + 60 + 20) = €0
Altemative II 1/3 (70 + 90 + 39) = 695
Alternative III 1/3 (30 + 50 + 80) = 53

Thus scales tilt in favour of alternative II.
Laplace criterion is normally followed due to its intultive
appeal. However, this method is sengitive to descriptioq

of chance events. 26

If one or other of the chance events
are altered the re_sults becomes distorted. For example if
'wé do not anticipate the eontingency of impervious strata

being met at 40! depth, the expected value is as below:



Table 3.6
Alternative Depth of lmpervious strats gy,ected
501 60! value

Alternative I 40!

sheet pile. 60 20 L0
Alternative II 50! :

sheet pile. 90 35 63
Alternative III C.C.

dlzphragn. 5 80 65

Thus alternative III emerges as the favourable alter-
native now.

Bayesian Approachmo

This approach advocgtes estimation of probgbilitlies
for all chance events. Based on them, the utilities are
calculated g cholce is made so as to maximize expected uti-
lity. The approach also attempts to constantly improve the
probability values, in terms of fresh known information.
Hence the procedure 1s valuable for syStems that have been

committed also.

3e34H. Mg_:agzy Comments

Problems linked x::ith rlsk and uncertainty cannot be tackled
teoked by precise means. The major difficulty in the real
world problem lies in evaluating utilities functions. As
such ma:dmization of expected value in monetary terms ipstead
of maximization of expected utilities seems to beZpo ssible
recourse;for this purpose it is worth investigating the

probabllistic chance Valu8526 for events.



Attachment of an extra discount to the nomal dis-
éount. factor appeé.ss to be also a reasonable practical solu-
tion. However, as a consequence the benefits accruing in
later years diminish and in projects where benefits accrue
only after a sluggish period of ixiitial yvears {(like irri-

gation projects) this 1s a great disadvantage. 61,63,118.

When Adirﬂect measures of risk to be avolded can be
defined ,(‘as‘in hydrologic risk quaxltificatian) risk can be
treated adequately by chance controlled non-decisioned
j.nputs in gystem. Further research in this field is worth-
wvhile to include risk as an objective in multi-objective
optimization and treated adequately.%



CHAPTER 4%

A GENERAL APPROACH FOR MULTI-OBJECTIVE PROBLEM SOLUTION



%+1. INTRODUCTION

The introduction of multi-objectives in the evalua-
tion of water resources system has complicated the analysis
process. So long as a single objective(viz; economic effi-
ciency) dominaﬁes over all others and é single point of view
(e.g. national income) is considered as the primary, the |
optimisation can proceed along classical lines using either
mathematical declsion models or judgement as desired.9+
Secondary objectives and points of view can be taken care
of through judgement based constralnts. However, when objec-
tives are considered at par., a dif ferent analyslis stragety
is called for. The real world multi-objective, multipurpose
project analysis is however complex. The aid of solution

techni ques based on systems approach are taken up in subse-

& o}
D



quent chapters 5 - §. In this Chapter, an attempt is made
to 1illuminate the concept underlying the choice of optimal
solution for simple,dual objective cases.

89



4,2, STEPS IN ANALYSIS

The steps in the multi-objective analysis are four-

fora: St

(1) The choice of the relevant objectives
(i1) Plan formulation and dévelopment of the trans-
' formation curves. |
(1i1) The analysis of preferences of diff»erentr ‘int-
erest groups indicating tradé-offs between
objectives.

(iv) The choice of an optimal plan.

gince (1) above has been dealt with in Chapter 2

already, we take (ii) now for consideration.

59
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%.3. TRANSFORMATION CURVES

ko301 The transformation curve can be defined as the
boundary of the set of feasible combinations of net bene- .
fits towards chosen objectives.

44342 For the simple case of dual objectives, this is
best 1llustratéd in a two-dimensional graphic piot in which
each of the major axes 1s chosen to represent the net bene=-
fits for one of the : .objectives. It is important that

many feasible alternatives for the system under study are
evaluated, It may be in an exploratory manner. The net bene-
fits avallable from each of the projects to the various
objectives are utilized to delineate the Transformation curve,
as fully. as possible.‘ We may, in fact, compare the Transfor-

mation curve as analogous to Production Possibility Frontier%

% Mckean gives a pertinent illsstration of PPF in his
‘book on Govt.Systems Analvsis.?3




A wider and broad analysis can extend to all Goverrment
sectors for the derivation of Transformation Curve for a
typical National Economic Development - Reglonal Income
(NED - RI) dual objective case.

%.3.3,  An example will illustrate the above concept
better. Let us consider Fig. 4.1 in which the Transforma-

tion Curve for a typical two objective case viz;

(i) National Economic Development (NED)
(11) Regional Income Distribution  (RI)

is shown.

The planniné, efforts contributing to derive such a
curve viz estimation of benefits and costs and derivation of
net benefits have been outlined earlier in Chapters 2 and 3.
However, 1t is worth emphasizing again that the income of a
region 1s just not a simple subset of NED income. Regional

Income includes transfer and NED income does not,*

Le3.k, For generating requisite data for many feasible
alternatives so as to delineate the Transformation Curve
appropriately, an input-output model (for national and regl-

onal. sector) is hest made use of.w

4e3.5. To quote another exsmple, Fig. 4.2 may be seen.
Cohon & Max'l&s18 provide in this, study of the case project at

#Details of this are found in Chgpter 2.2,

&% An input-output model after Haveman & Krutilla 1is
briefed in Chapter 2.1 and described in pppendix I.
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Algska vwhere a pipeline is to be built for the transporta-
tion of crude oll from the frogen "oil-—rieh" northern shore
to the relatively warmer southern shore. The project involves
'pumping oil at 140°F which melts frozen tundra. Thi s, there~
fore, threatens wild-life by preventing net present anmial

migration.

The planning objective has been defined in this case,
by policy-makers, as. |

(1) Maximization of National Income - in terms of $ .
(11) Preserve envirommental quality (EQ) in terms of
number of gpecies existing at Algaska.

For this case, therefore, the Transformation Curve
represents the boundary of the set of feasible glternatives
viz net § NI benefits and corresponding EQ effects measured

in terms of number of specles existing at Alaska.

4.3.6. The two cases (Fig. ¥.1 and Fig. 4%.2) thus demon~
strate fhe aspect of generation of TranstMation curve.
When we have examined all the slternatives that are feasible,
we need congider only the portion of vTranstMation Curve-

that is relevant for decision making,

The characteristics of Transformation Curve is worth
a mention. Analogous to Production Possibility Frontier con-
cept, as already indicated, a point outside Transformation
curve can be construed as physically inf;‘e.aSiblg. Similarly
all points inside the Transfomation Chrvé are feéasible

(between origin and Transformation Curve) but not as good
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as at least one point on the bound.ary..s)+ For examnple, consi-
dering Fig. %e1y 4.2, polnt A is feasible but is worse

than pdint B, becaunse national income bepefits can be incre-
ased by moving ffom A to B without decreasing RI benefits.'
8imil ar arguments hold for the other case. |

" k.3.7. As "more" of each objective 1s better than "legs"
df the same objective (normally), the portion of the bound-
ary of feasiﬁle sets that slopes from Nu to SE turns out to
be relevant portion of maximum interest for decision making.85
This is so0 because all other points are dominated by at least
one other point lying towards the north-east. Thus it is
this portion-in vhich we are confronted with hard choices
that requires us to give up benefits towards one objective

to achieve more benefits towards another.



.+, SOCIAL WELFARE CURVES/INDIFFERENCE CURVES

bk, 1. The next requisite in the problem is one of ana-
lysis of preferences of different interest groups, also
known thro&gh societal indifference curves. This leads us |
to social welfare functions.58 |

b,+,2,  The socigl welfare function is an unique function
which expresses the tdtal welfare of the public as a function

of all goods and services available.2®

This, in other words,
implies that it is the utility function of the society as a
whole. 13,105. Though powerful in concept, precise defini-

"tion of social welfare for any community poses considerable
problems. This 1s due ﬁo‘the fact that the relationship bet-

ween the welfare of the soclety and utility of individuals



1is not known. How a social welfare might depend on the uti-
1ity of individuals 15 a matter of debate on ethical and
technical grounds. Hovever, there is a concensus that it is
highly non-lihear, as shown in Fig. 4.3 vwhich is an illustra-

tion of the gocial welfare function in a simple two person

"community.aé

hfh.3. ‘The explicit shape of social welfare function
depends upon the moral and ethical foundations of society.
Two examples of alternative forms of social welfare functions
appropriate to different social organisatlons sre sketched
in Hg. b+ gnd 45, The 0ld zamindarl system that desired

a greater welght on the utility of zamindars compared to
their bonded labour could be somewhat like Fig. 4.4. In fact,
the ancient Roman republic explicitly used such welghing in
decision-making. The votes of members of certain Classes
simply counted as an explicit multiple of those of the lower
classes. In an individualistic society where each individuals
utility counts equally in the determination of social welfare,
the curve could be as shoén in Fig. 4.5. For such cases,the
';fﬁnétioh for social welfare is essentially linear and obta-
ined by addition of utilities.2®

LR N 'kbr a democratic set u§ like ours the social wef-
fare function could be construed. While we constitutionally
assure equality, equal 0pportunity and sovereignty, we .do
subscribe that deprivagtion of disadvantaged.is unu iraple
and recognize poor groups of populazion/areas of the country

that are under-developed and support special consideix"ation
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for their welfare. Specific projects that help achieve this
objective are tsken up with priority. Thus we can expect
that the social welfare function for our country‘may be
somewhat siﬁilar to fig. 4.6 vhich is a notional Mix of
Fig. W4 and Fig. 4.5 | "

be5, " For the determination of an exact form of social
welfare function, a logical notion could be some form of
questioning put to soclety or to its electoral représenta~
tives. In other words, ﬁhe_political system as-a‘decision
mzking body could assume to reflect the preferences of the
society truly. The soclal welfare function could then be
assessed through them for analygis.

Arr6w3 has demonstrated the impossibility of relying

upon polls to obtaln any useful assessment of social func-
vtion..To countér this, the system of voting by participants,
not only on several issues but also as to how otheps may vote
1s useful (value voting) . This solves the problems of intran-
sitivity also. Observations on log-rolling also pro?ide one
way ofvunderstanding the trade-off accéptable to commuﬁity.

Coleman20

has indicated that even community-wide mgjority
agreement on the ranking of alternatives can thus be obtained.
This consensus on community preferences may also help in

formulation of social welfare functions.

b6, The final problem in the issue is one of inter=-
personal comparison of utilities. 3 One camnot campare each

person's uﬁility and transform it into some sppropriate common



denoninator and determine the social utilities. To quote an
example, one may elect to be relatively poor rather than
endure the stress of "climbing the ladder of success" that
the other may opt. Their measures of utilities cannoi then
be COmbined.in any objective way. Thus we recognize that as
no ana;ypig way to solve the problem of social welfare fun-
ctions exlsts one has to rely on the political process to

- read the soclal preferences and reflect them in programme

and project designs.

44,7, Majorao has‘argued that for dual objectives where
only societal indifference curves are requlred, there is no
need for direct interpersonal utility comparisons; decisions
reached in an informal legislative process can also be used.
Maass6 also presents a strong argument (based empiricaliy on
studles by David C.Major and A.Maass) in favour of this, espe-
cially when the decision‘proéess is crystallized by adequate
executive initiative.

.Lk.8. Even when preference information ié sketchy and
uncertain, an analytical approach in gscertaining trade-offs
1s of great velue for the decision-maker. When the actual
preference curves are unknown, the anslysts can provide to
policy makers all pertinent informations on trade-off and
sensitivity that the transformation curve embodies, in the
choice range of interest (vide para 4.3.6 & 4.3.7). This
aspect can be adeqpaxely'taken care of by the mﬁltiuob?ective
solution techniques. (See Chapter 7 & 8). o
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%.5. THE CHOICE PROCESS

4.5.1. Method of wWeights

.5.1.1. | Once the social welfare curves and the implicit
socletal ordering of the combination of chosen objectives are
known, the society's relative marginal soclal values for, or
the trade-offs between chosen objectives are explicit. In
figures 4.7 and 4.8 we hzve designated the family of indiff-
erence curves by ICq, ICy etc. Since “more" is bettep than
"less" (normally) we can consider welfare increases as we go

up. in ;NE/'direction and can assume IC2 » ICq and so on.

h.5.1;2. The basic problem in planning then bolls down
to choosing the best attainable combination of the objectives.
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This is defined by the point of tangency of transformation
curve and the highest attainable indifference curve.>

( » in Fig. %.7.; and Fig. %.8..). The slope of the tangent
line through this point of tangency of the Transformation
Curve and the highest attainable Indifference Curve 1is a
measure that yields the relative marginal social values pla=-
ced on the dual ohijectives.a5

P P The line AB in Fig. 4.7 is drawn tangential to
both the Transformation Curve and Indifference Curve at opti-
mal boint. In this case, thus, the slope of this line repre-
sents the rela’ciwfe marginal social value. placed on the net
NED benefits and net regional income benefits to the specific
region. In other words, suppose we assign the value of one

to Re. one of the net NED benefits, the price of Re.one of

net Regional Income benefits is given by the negative of the
slope of tangent line. For the example case in Fight.7 this
is equal to 0.8. This value thus indicates that by selecting
~ aévthe optimal point, society has shown that it is willing
to give up, at the margin, Re. one of net NED benefits if

B 1.25 of net Reglonal Income benefits are provided, in return.
It is ihtei'esting to look into Benefit-Cost ccmparison;x as '
done in traditional methods, with the foregoing in the back-

' ground. The maximization function for our project can be exp=

&
ressed as:

* The implicit social discount factors and other
assumption to derive present value are not
repeated. ' ‘
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4 1B, (® - ¢, (D] +08{(BLY - Cr(z.)}

and form the benefit-cost ratio, for expository interest,

for the multi-objective formulation _asss

1 { By(X)}+ 0.8{(Br (D}

1 {C(D}+0.8{Cr (D) }

(%.2)

B,(X) and Br(X) are the gross bénefits for NED and
| Regional Income obj ective for (X) outputs |
& Cn(Y) and Cr(Y) are the gross costs for NED and regional
income objectives for (Y) inputs.

;The gross costs and benefits can be derived from plan-

ning information.

R AR IN OTHER WORDS, A MULTI OBTECTIVE BENEFIT-COST
RATIO IS COMPOSED OF ALL THE WEIGHTED BENEFITS AND COSTS FOR
ALL OBJECTIVES. By keeping welghtage factors for other obj ec-
tives as zero, the generalized equation for multi-obj ective
anglysis reduces to traditional benefit-cost equaﬁions. Thus
we. Eee that THE TRADITIONAL CASE IS A PARTICULAR SUB./SET OF
TEIE ENVISAGED MULTI-OBJECTIVE ANALYSIS.

4.5.1.5, Let us consider F:'Lg.. 4.8 of the second illus-
trative example. In this case, we infer from the property of
line AB tangential to both the Transformation Curve and societal
indifference curve that society is willing to give up one head
of wild life if it- gets § 10,000 in NED benefits, inwturn,

at the margin. ‘
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The multi-objective Benefit-Cost ratio for this pro-
ject, on a similar analogy can be inferred. We must remember
that the ratio, in this case, has been based on imputed -
monetary values for non-monetary objectives, taken at the

margin.

4.5.2. Choice of the Welghts of Objectives

In cgse of the exampléé shown above, the socletal.
Indifference Curve (or social welfare curve-considered ana-
logously in a restricted sense for our convenience) were uti-
lized.to derive welghts in the margin for the chosen objectives.
Alternatively, at national level of planning,” weights could
also be set up explicltly, after an explicit declaration by
the policy-megkers. As this may be rather difficult due to
various considerations, it becomes necessary that the analysts
attempt to impute the weights from the past choices considered
rational. An excellent methodology in this direction is best
. outlined by Sen, Das Gupta and Marglin in the UNIDO guidelines
for Project Evaluation.'® wnile initially weights are consi-
dered as unknowns, analysts can attempt to infer the switching
values favoured by the decision-makers. Instead of requiring |
an explicit declaration of weights by policy-makers, as indi-
. cated above in what cap be temmed as "TOP DOWN METHODOLOGY",
this new methodology ,termed "BOTIOM UP METHODOLOGY", considers
welghts as unknown to begin with.9°’118' The values of welghts
that make significant difference in the deslgn and operation

v For example "Planning Commission'in
Centre.



of projects are identified from past choices and a set of
project variants that are optimal are elaborated in the . |
different ranges of parameters values. Thegse set of'vaniants
are submitted in its entirety to the policy-makers for a
final assessment on the implications of different choices.
Ihe*advantgées of this "bottom-up Methodolqu" are claimed
to be that!'®

(1)  All relevant alternatives are brought to the
attention of the decision-makers.

(1i) It focuses choice on the relevant variables by
relating political decisions to national para-
meters.

(4ii) It thereby serves to introduce the importance

| for national parameters to policy-makers, and
(iv) TFinally, it forms the basis for a deliberate
' gystematic detemination of congistent national )

parameters in course of time.

4,5.,3. Constraint Approach for solution

In the treatment of the subject so far, we considéfed
the method of setting weights to problem solution. There are
other methods available for solution, typically for dual obj=-
ective case. Marglin has detailed two oﬁher methods,'which
we can call as "constraint methodologiesﬂ for problem.solu-
tion.s’ P e have described some aspects of these methods
in Chapter 2.2. Fbr the first alternative we maximixe the NED
benefits getting a constraint that.a prescribed nét‘iﬁcome
increase shall acerue to particular region. For the second type

\

\
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we maximize the reglonal income net benefit function setting
constraints on NED benefits. The example .applies to é dual
NED-RI distribution objective case. A number of objectives
other than the above could also be handled in an alike mamner.
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4,6, PURPOSE AS AN OBJECTIVE IN THE CHOICE PROCESS

We can, in certain cases, find the purpose itself tur-
nigg out to be an objective. To quote an example, let us look
info water resources projects, designed for multiplerurposes.
Traditionally, the purposes are identified as different combi-
nations of the following: 26 _ .

(1) Generate hydro-electric power.

(i1) - Provide irrigation facilities.

(iii) cater té municipal or industrial needs of water
"~ supply.

(1v) Improve flood-control capability of the system.
(v) Improve navigation facilities;
(vi) Provide for recreation facilities/fishhng.
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(vii) Maintain suitable quality of ground/surface water.

(viidi) Provide buffer for groundwatef. recharge or for
drought.

(ix) Impro;\red related land use and prevent dw.nage

due to runoff ete. '

It could be an aim in«ﬁlaming directives that a cons-
trailned maxi.mization of one or several of' the objectives be
provided. Trade-offs between alternative purposés, now consi-
dered ags objectives, are then needed to be identified. However,
the other procedures outlined for treatment of objectives
would remain unaltered. A typical case study in .this direction

104

is found in the works of Rao, where the purposes have

been identified as objectives for reasons defined therein.
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4%.7. SUMMARY FINDINGS

o714 When the objectives are more than two, it is
difficult to have a two-dimensional gresphical representa-
tion as has been done in the above treatments. A triple
opjective case can also be represented in a three-dimensio-
nal figure as shown in Fig. ’+.9-59, for an easy visuallzation.

~ 'The multi~dimensional trangformation curve in this case, 1s,
by analogy to a three-dimensional skin to a space, an envelope
or hull to feagible regions of transformation. When the dimen-
gions are more than three, however, a'visual conception is
difficult. As solutions for multi-dimensional situation are

. in hyper~planes, there is no graphical representation possible.

4.7.2.  The multi-dimensional case requires a more sophisti-
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cated approach. In fact the method of treatment of multi-
objective problem, as presented in this chgpter has been
.simple end clgssicdl, on the basic agssumption that weights
&an be assigned to the relative importance of each of the
oﬁjectives. With these weights the attempt has been essenti-
elly to reduce the multiple object¥ to an equivalent scglar
value., Thg.standard optimization 6f this scale value has been
the objective. However, it has been found that there exlist a
perennial difficulty in the concept'of_scalarizaxioﬁ¥5: In
many complex systems, it i1s nelither easy nor desirable to sum-
marise the essentlals of a consequence by means of g gingle
numerical value. This has been found so especially in case of
envirommental quality objective. To quote as an example, for
environmental pollution, attribute 1 may reflect the cost of
cleaning a polluted environment, attribute 2 may reflect the
degree of discomfort, attribute 3 may refer to the cost of
demage done and so forth.

The complex systems that are to be analysed with mul-
tiple objectives are best handled by systems techniques,
math@natical programming models, and computer based solutions.82
Our aim in the following chapters ﬁill be t0 look intd these

aspects by studylng the various available solution tecbniques.



PART 1II

ANALYSIS BY SYSTEMS METHODS



CHAPTER 5

MULTI-OBJECTIVE DECI SION-MAKING MODELS
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5.1, INTRODUCTION

Decision making,keeping in vision the multi-dimen-
slong of the objectives 1s rather complex. However, there
are a vgpriety of models, descriptive and prescriptive, to
ind:Lcaﬁe solution strategies. Basically, we can classify
them77 as: |

(1) Multiple attribute decision making models, and

(11) Multiple objective decision making models,
Attributes refer to, commonly, a particular characteristics,
aspect, factor,performance parameter, component etc. On the
contrary, objectives encompass a broader forum, treéting
the mean-end relationship. Where there is one to one rela-
tionship between attributes and objectives, however, both

types merge as one. Two other semantics have come into
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field recently vizj multiple criteria and multiple dimen-
glonal decision situation. We confine our attention in this
work to multiple objectives, besides reviewing the multiple
attribute solution techniques which éx'e similar.

In what follows therefore, the treatment is aimed
basically to develop the modelling process progressively to
deal with complicated problems. Most of the solution tech-
niques for multi-cbjective problemg given in Chapter 7 are
found to be an effective combination of these differeﬂt models,

1 .
vhich .are categorised as hereunder for convenience in review:

(£) Weighting methods

(11) Sequential elimination methods

(114) Hathematical programming methods, and
(iv) Spatial proximity methods |



5.2. WEIGHTING METHODS

These methods fall under three categories viz;

(1) inferred preferences

(i1) directly assessed preferences - generasl aggre-
gation.

(111) directly assessed preferences - specialized
aggregation, S

The common‘characteristics of these methods can be
found as: | |

(i) Availability of a set of alternmative.

(ii) Their attributes and values

(1i1) Intra and inter attribute preferences.

(iv) A well specified objective function.
(v) A rule for the choice of the alternative.

1

i

1



5.2.1. Inferred Preferences of Decision Mgker1oo

In this method, the statistical techniques are uti-
lized to study the past choices of DM, provided there are
sufficient repetetive decision sltuations that can be grou-

ped together. The common methods are:

(1) Linear and Quasi-linear regression analysis

(i1) Analysis of variance.

Quasi~linear and linear regreséion models have been developed
with irrlgation vater and crop yield as attributes and uti-
lized for approximate studies in screening models.33

5¢2.2. Directl sessed Preferences of DM-General regation
Under'this, we hpve the following methods:
1. Simple additive welghting
2. Hierarchical additive welghting.
3. Qugsi-gdditive welghting
. Trade-offs.

5.2+2+1. Simple Additive Weighting
‘The requirements to adopt this methbd are that:

(i) DM essign importance weights for each of the
attrivute/objective.

(11i) DM reflect his marginal worth assessment within
attribute.

(1i1) DM also make a numerical scaling of intra-attri-
bute or intra-objective values.

% Declsion mgker is referred to as DM through-
out this part.
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with the above, if ls possible to have a total score
for each alternative simply by multiplying the scale rating
| for each attribute/objective and then summing these products
over all attributes/ohﬂectives. The alternative with highest
score is the choice. However, thls method rung the risk of
ignoring interaction among attributes/objectives.

5.2.2.2. Hierarchical Additive Weighting?®

This method recognizes that attributes may simply be
megns towards higher level objectives. Hence the DM assigns
values or preferences to £he higher level objectives. He then
explores the instrumentality of the other objectives in attai-
ning the higher level objJectives. In this way he infers the
inter-objective welghtings from his dlrect assessment of
higher level objectives.

5.2¢2.3. Quasi Additive Weighting

When the utility of expected outcome of g choice of
an objective depends on the joint distribution of the other
objective and not just on marginal distribution, the above
methods, para 5.2.2.2. which considered the independence of
utilities for individual objectives i1s inadequgte. Then by
obtaining éonditional utility functions on the objectives
if some of the objectives are utility independant of otbers,
an overall perférmance of quasi-additive form 1s obtained.

De Neufville & Keeny27

have utilized this approach
for studying the development of Mexican Airport facilities

using multi-plicative utility over attributes.
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5e2e2e e Trado-off

By questioning the DM on the marginal rates at which
he would be willing to trade-off one attribute for another,
trade-off information is obtained. This helps analyst to

solve the problem in a desirable manner.

An interesting solution with trade-off is found in
Benjamin Franklin's letter to Joseph Priestley, dating

backi,, to nearly 2 centuries.3u

54243, Qirectlz Assessed Preferences of g - A sgecialised
Aggreg.tion:

"Two categories of declision falling under this are

Maximin and Maximgx procedures,126

vhich were detalled in
Chapﬁer 3+3.3.3. Magximin adopts a specialized degenerate
weighting different for each alternative. It assigns a
welght of one to the worst attribute value and a welght of
zero to others. This method is sugggsted only vwhere the over-
all perfomance of the system 1s determined by the weakest
attritute. The maximex spproach, in contrast, considers the
best attribute value and utilizes a specialized degenerate
weighting of 1 assigned to the best attribute gnd zero to

the rest.
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5.3, SEQUENTIAL ELIMINATION METHODS

They are of the following types:
1. Alternative versus standard

2. Alternative versus alternative:comparison across
attributes.

3. Alternative versus alternative: comparison across
alternatives.

5.3.-1 . A;tefngtivg Versus Standard

The DM sets up standards to be applied to the values
on certain attributes. In the conjunctive form (characterized
by "and") alllthe standards must be passed in order for the
alternative to be acceptable. In the dis.junctive form (charac-
terized by "or") only one standard of a specified géoup_ mu st

be exceeded for an alternative to be acceptable. The conjunctive
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constraints are akin to maximin rule; they help filtering
alternatives effeqtively unless standards gre at minimal level
as they have to pass a number of standagrds. The dlsjunctive
form, contrarily, permits a larger number of altemativesv to

emerge, unless standards are set at a maximal level.

5.3.2. Alternative Versug Alternative: Comparison
across atrributes

In the disjunctive and conjunctive constraihts proce-

dures, one altemative which is a real object of choice is
compared to another alternative, which is hypothetical alter-
native of standards, in order to effect choice. In this method,
we compare one real alternative against another real one to
gee 1f poorer alternatives can be eliminated. If one alter-
native has attribute values that are at least as good as those
of “another alternativ»e for all gttributes, and.if it has one
or more values that are better, then the first alternative is
considered to "dominate" the second. In other words "Dominance"

rules choice as per this method.

5.3.3. Alternative Versus Alternative by Comparing the
Attritute - Across Alternatives

In this group, the values of each successive attribute

are compared across alternatives. There are two sub-sects:

5434321+ Lexicography
In this method, the attributes are rarked in the order
of their importance with their intra-attribute values placed

" om an ordinal scale.



5.3.3.2. Elimination byAspects

| This is similar to Lexlcography tut eliminates alter-
natives which do not satisfy a standgard that is set; the
piocéss 1s continued tb eliminate all but one. The method also
doeé not order the attributes in an ordinal scale as per
importance, but in terms of their discrimination power in a

probabilistic mode.



5. MATHEMATICAL PROGRAMMING MOILELS

The inherent characteristlics of this class are:
(1) An infinite or very large set of alternativnes
waich are inferable from a set of description
| (i.e. constraint specified attribute values).
(11) A set o‘f techneloglcal constraints.
(111) in objective function, either global or local
that is compensatory.
We havé, under this class:
(1) Optimisation models
(i1) Goal programming, and
(:Lii:) Interactive nmulti-criterion models.
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5.4+.1, Optimisation l«iod(szlgz_2

These may be viewed as a multiple attribute iieczl.slj.g:mt -
method. The variables are attributes, the linear c;n;trajt;xvtys'
are conjunctive constraints on combination of attributes and
there is a linear, compensatory objective function. In this
class we have not a small explicit list of gltermatives from
which to choose, but rather an infinite set of alternatives,
inmplicitly defined by constraints. This»procedure is i'ather
a solution ‘for a deslign problem than that of choice, since
the purpose 1s to design the optimgl alternative by putting
together the best combination of attribute values (i.e. values
of vyriables).

5.¢.2. Goal grogrmming16

In this method, the DM specifies an acceptable or desired
levels on single attributes values (i.e. one variable cons-
traints) or on combination of attributes (i.e. multi-variables
constraints) and these serve as primary goasls. The IM also
indlicates his preferences for deviations in each direction from
these go'al levels, The objective then is the minimization of
these deviations. As a multi-variable constraint eriteré as a
goal and there are a number of such cOnstraints, it is a |
multi-objective method of analysis; however, the goal deviate
ions a,re' ultimately combined to form a global objective.
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5.4.3. Interactive,Multi-criterion Programmin 11, 54,97

This class is recent due to research in mathemgtical
programming. It is apt for multi-objective models since the

DM's processing limitatlons are'given due considerations.

Interactive multi-criterion programming does not
agsume a single global objective. It.reéuires the DM to pro-
vide his local trade-offs in the neighbourhood of a feasible
~alternative. These trade~offs are used in a local objective
function for g mathematical programing algorithm to generate
optimal (rather non-inferior) solutions. The DM is given
opportunities to give his trade-off preferences repeatedly
~vwhich are input to algorithm until the desired level of
’ gatisfaction_is attained.
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5.5. SPATIAL PROXIMITY METHODS

The procedure has the following characteristicss

(1) A set of identified alternatives (with attribute
values)

(11) A process for obtaining intra-and inter-attribute
judgements (or perhaps an aggregpted judgement).

(iii) The construction of spatial representation.

& (iv) The identification of ideal configuration and

the choice rule based on the proximity of alter-
natives to these ideal configuration.

5.5+1. Indifference Map
We have dealt with this approach glso in Chapter 4.4
already. As stated therein, the alternatives to be considered
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are locgted in a graphical/spatial representation, which
forms the transfomation curve; the preferences of DM is
obtained in the form of indifference surfaces which show
the combiﬁation of attribute values that are equally prefe-
rred. In other words the trade-off approach detailed in para
5.2.2.t above 1s given an explicit grephical fom. Unlike
trade-of f, however, different marginal rates of substitution,
.at different values of attribute levels, are possible to be
considered in this approach.

5e5e2. Multi-dimengional Scaling with ideal Qoih£s117
Alternatives are represented in this method by points
in Buclideon space. The DM's preferences of slternatives
are also indicated in space and the dlstance from this ideal
point to various siternatives utilised to rank the alternatives
in terms of DM's preference. The relationship between mathe-
matical programming aznd multi-dimensional scaling 1s developed
by Srinivasan and shocker V7. '

5¢5¢3 Grgpﬁical Overlaxss7

In this method, a number of transparent sheets refléct(
the desired way to attaln a particular objective. The multiple
objective aggregation can be done by a visual aggregation of
subset of transparencies overlayed-:. on one gnother until
all objectives have been incorporated. This procedure has an

explicit hdierarchial form.



The Multi-Objective Problem

The clagsical optimization strategles utilized for

water resource systems aim at maximizing economic efficien-
cy subject to a set of constraints. Essentially, this reduces

to the model represented by

Max 2z =t x (6.1)
subject to

AX¢ B (6.2)

X>0 (6.3)

where
z is the secalar indicating objective

n x 1 vector (which indicates cest of X)

Il

n x 1 vector of decision variable

%

m X n matrix and is known.

]

m x 1 vector indicates resources available.
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Being a general linear programming problem the solu-
tion can be easily evaluated utilizing the well-kmown

422

techniques like simplex metho etc.

The multi-objectives in WR systems planning,intro-
duce in the objective function itself, a vector. The general

form of a multi-objective problem with p objectives then

becomes
Max 2 = CX | (6.4)
subject to
AXE B | (6.5)
X0 (6.6)
where

Z21is p x 1 colum vector (zvzz....zp)-r (6=7)

Cis ap xn matrix

®11 Cq2 +e Oy
hcp1 Cho ser Cpn ]

A X B are of the same definition as in the cage

of scalar optimization problem (6.1) to (6.3).

The complexity of solution of multi-objective prob-
lem is apparent from the fact that Z is now a vector, which

cannot be directly maximized or minimiged.

In general, in most of our problems n >> p i.e.

the decision variables Xqs X5 esea X, 1s quite large comp-

ared to objectives 21.22......zp.1
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Strict inequality holding good for at least somé p e

In the multi-~-objective problem optimality is repla=-
ced by the notion of 'non-inferiority’'.

A solution §1 @ T is inferior if there is some .
solution X, € T for which |

Z(x,) 3 2 A (6.14)
i.e. |
2t (X)) 3 2'(%) )
22 (xz) 2(xz)
2 (X,) 3 zP(x1) J | (6.15)

vhere at least one of the expressions in(6.15) must

be gatisfied as a strict inequality.

Similarly a aolution‘§1* is said to be non-inferior
if condition (6.13) is obtained.

Thus the solution of multi-objective linear progra=-

mning is the definition of the set of non-interior solution.

A few words abput non=inferiocr solution set. These
points represent the same as that of 'Pareto Optima' dis-

cussed in Chapter 1. The definition or these multi-objective

points of efficiency is given by Koopman. To quot969

' A possible point inthe commodity space is
called efficient whenever an increase in one
of 1ts coordinates (the net output of one good)
can be achieved only at the cost of a decrease
in some other coordinate (the net output of
another good) *

Let NI be defined as
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#f
We have

~ the deci.sion vector

%,
%

the objective function vector
C: R* = P - the constraint vector

and §€ R® - the resources vector.

The constraint vector AX § B determine a feasi-

ble set T of values for the decision vector X

T = 4X 1-4§\<§ } (6.9)
and X 30 :

Each Vector X € T determines a unique value of 2

and hence there esmists a set .S of these feasible values
or

s ={2 |7} (6.10)

We can thus state the problem as

Max 2 = C 2 subject to XeT (6.11)

9T 45 its dusl form

Mex 2 = CX subject to 285 | | (6.12)

Optimality and Non-inferiority
In single objective linear programming, the goal

of the solution is optimality, vhich is uniquely defined.

The vector fe T is optimal when maximizing if
X) V_’“_}_Qe T (6.13)

z (x'

# The notations for set are generally following
the practice of Mangasarian.86
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Strict inequality holding good for at least somé X.

In the multi-objective problem optimality is repla-
ced by the notion of 'non-inferiority'. |

A solution X, € T is inferior if there is some .
solution X, e T for which |

2 (%) » 2 (%) - (6.14)
i.e. | |
2! (X)) »2'(X) ]
22 %) > 2(xz)
2 (5, 3 2z | | (6.15)

where at least one of the expressions in(6.15) must

be gatisfied as a strict inequality.

Similarly a solution 31* 18 said to be non-inferior
if condition (6.13) is obtained.

Thus the solution of multi-objective linear progra-

mning is the definition of the set of non-inrerior solution.

A few words abput non=inferior solution set. These
points represent the same as that of 'Pareto Optima' dis-

cugsed in Chapter 1. The definition o: these multi-objective

points of efficiency is given by Koopman. To quot369

' A possible point inthe commodity space is
called efficient whenever an increase in one
of its coordinates (the net output of one good)
can be achieved only at the cost of a decrease
in some other coordinate (the net output of
another good) *

Let NI be defined as



NI = {Z (gﬁ) Lg” is a non-inferior solution} (6.16)

The property g(g*) e NI | (6.17)
is that they lie on the boundary ofS. Referring to Fig.4!
any interior point like point A insideAfeasible region
will be inferior to at least one boundary point. (point B
and C). Not all the transformation curve showh in Figay. is

-

however noninferior., Portion shaded, for instance, is

|

vinferior in this case.

Forx ahy two concave functions, the non-inferior set
1s continuous; for example, every point in the interval
of maximg A§1*, §2* of the bicriterion problem shown
in figure 6.1 is non-inferior. The non-concave functions

may have, however, non-connected,noninferior points.

Social Indifference Curves

We have for each value 2 € RP, some benefit that
| would accrue to soclety from Zys Zoeecee zp units for the
various objectives, 1,2.....p. This benefit is called
utility and discussed in Chapter 4.4 i.e. (u: RF = R!).

The curves traced by utility are the social welfare curves.

The surface of equal utility in Rp(u ﬁg} = conatant)
indicates the society's indi fference for thevvarious points
on it. Thug the surface:of equal utility viz;visopreference
surface represents afi indifference surface. The points where
the social indifference surfaces are tangent to non-inferior
set, called indifference band, is of importance to decision
maker (DM). |
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An Example

To best illustrate the various aspects an illustra-
tive example is solved below:
: 7. 1
Lzt us have the objective vector Z = tz1J as
2 _
Max 21 = 2x1 +.J‘:2

. Max Z = X

5 + 2x

1 2

subject to following constraint equations, i.e

AX<D
and -X £ 0

i.e,
-2x, = 3x2 + 60

+ 3x1 + 2;2 - 15 €0

X, +3x,=-15¢0
“x1 » “‘x2 \( 0

The feasible region satisfying the above, i.e.
the set T is shown in. the. decision space R?(Fig.6.2.1l
The set of noninferior soclutions Xf is, also shown in the same

figure,

The feasible region in decision space Rz,» R?
is shown as set S in Figure 6;2‘2. The non~inferior set
(NI) in function space is shown NI. Ve find the NI is Sub=
set!. of S in function space and lie in the boundary; i.e
M < s.

In the absence of preference informgtion none of

noninferior solutions can be considered, by analyst,to be
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preferable to the other non-inferior solution. However,
when preferences, as indicated by indifference surfaces, are
known, then, one of the non-inferior solutions can be iden-~

#
tified as the'best compromise solution,'’

For the example considered, suppose the indiff-
erence curves are as shown..IC1, 102. It is evident that
the cholce of C is the 'best compromise golution'. Suppose
we consider that z, is an objective of regional income
distribution - . ° ' not considered as relevant to plan=-
ning, then, as can be observed, B, will be the solution as
the indifferénce curves now pérallel Z, axis. This wi}l be
the case with traditional analysis for maximization of

economic efficiency represented by say g2, axis.

# gelenson and Kepur sugsested the word 'best compromise
solution'. As this is indicative oi the significance
clearly that the choice is only optimal in terms of
value judgement, this word has been preferred in this
study. - )



CHAPTER 7

MULTI OBJECTIVE SOLUTION STRATEGIES
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7.1. GENERATING TECHNIQUES

7¢1¢1. The fundamental requirement of a solution for a
multi-objedtive programming problem is the generation of non-

inferior set.

‘The techniques utilized to generate the non-inferior
set are: _
(i) Weighting methods
(11) Constraint methods
(111) Parametelc approach
(iv) TFunctional relation of objectives approach
& (v) ‘Adaptive search methods.

7¢1.2. Weighting Methods

Welghting methods were the premier solution techniqnes

available to solve the problem of vector optimization. In



this methodoiogy, the approach is to generate the non-
inbrior set by the transformation of vector function of
non-commensurate objective to a scalar valued function.
The transformed problem 1s solved to yleld a point -Z-%NI ]
By varying the parameters used in transformgtion, attempt

to generate a large number of points is made.

71 Method

7+1.2.1. Kuhn & Tucker |

The origination of vector optimization method is
attributed to the above authors. They developed the
mathematical solution for the problems presenting the
necessary conditions.

- Restacting our problem;

Max Z = C X (7.1
subject to 81(29 < 0 i &, Lba... w (7+2)
,-xj 4 (4] ' j ';‘1 Lt . .. N (733)

The Lar/lgranglan form of the above expression can
/
be denoted as

P m |
L= % w 2,(X) - £ xege (X) - (7.4)
oy e n® - Ny g (&

vhere XeT

Alongwith the presentation of conditions for
optimality for scalar optimization problemsy, Kuhn-Tucker
gave in their work, the requisite conditions for non-
inferiority of the above problem. If a solution to the
‘vector optimization problem im (7.1) - (7.3) is non-
inférior, thén there e:d.st15
Wi > 0 where k = 1524.500:py, such that

vh, 18 strictly positive .



for some values say Wy vhere

r = 1,2, so e 00 p) (?'5)
& *y 2 0 vhere 1 = 1,2.... m (7.6)

such that
A«gi (X) =0 i = 1,2.00. oo om, (70?)

2 ow, ve, (X)) - £ AL o X) =0 7.8.0)
ket KR &® (8o

-

Apart from the above necessary conditions, the
sufficient conditions for the NI solutions are that all
of 2 (X) be concagve (K = 1,2....+.p) and X be a convex
set, 62,91
7+102420 Further works on welghting techhiques trans-
form the multi-dimensional vector optimization p?oblan
into a scalar optimization problem. This approach is
attributed to several authors viz zadeh'32, savir!!!,

Geoffrion39 0 and Ka;pur68 .

The problem

Max fm Wi (3;_) | (7.9)
gubject to xerT

can be transformed to a scalar as below:

| P
Max w, z (X) +k§1 Wy 2, (X) . (7.10)

kK#r,
subject tp XeT

where 2 0 for all k and strictly positive for at
least one of the objectives. Conventional optimization
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can now be adopted as (7.10) 1s a scalar.

7e1.2:.3% Usually one of the ¥y SaY W.,, can be selec-
ted to be equal to 1. This as numeraire, all other objec-
tives can then be weighted 1.e. _"’l_{_ or )\k. Example

%]

cases are in Chapter k. r

7.1.2.1+.' successive variation of welghts '“k in the
objective function will yield the non-inferior set, as
in example (Fig. 4.2) in Chgpter 4. The generation of
non-inferior sclution is difficult with cases where the
problems of duality gap arise. This can be seen from
figure 7.1, where a hypothetical feasible set for a dual
objective case is shown. The welghting methods described
in this case, would yield the non-inferior sets for points
A to B and D to E shown in the curve in Fig.7.1, but not
the solutions for portions between B to D. Thus a basle
requirement for the gpplication of weighting methods for
generation of non-inferior set i1s that the NI set must

be convex.

The problem as regards to duality gap 1s best
avoided by the constraint method.

7.1.3. Constraint Method

714301, An earlier reference of this method has been
glven in Chapter 2. In this method, we are required to
speclify a pre-assigned "attainment levels' for each of
the various objectives than one, which we wish to maxi-

mize. Let the attaimment levels thus desired be €,.€,,... €_...



each objective except one (k = 142.....p &k # 1)
The problem is .
Max zp(X) (7.11)

subject to X € T e

Zk(x)f? ek for‘y - 1,2600005p )
h k#r

7+1.3.2. Let us examine the utility aspect of the above.
It is tantamount to saying that benefit to society from
kth obje.c‘:tive (k = 1,2....p & k.£ T) is constant as long
as the level €, is not reduced, but indefinitely harmful
below this level. Expressing in equations, we have the
utility function as -z (X) €€

u {g,®] = PRSI E
constant ; 2, (X) > €,

7¢1¢363¢ We can deduce the formulation of the cons-
traint approachv from the equation giving Kuhn-Tucker
condi tion, 15 indicated above.

We have, from equation (7.4) above exp.ressed‘in

Lagrangian form

P m
 Lewz (X) + k21 W, %, (X) ~ ’i‘ 1*131(2{.), ~ (7.13)

o kdgr
therefore ‘

P
aL = w, vz, (X) + i:iq we 92 (X)

o Kf? - .('M .. (?‘14)
- £ P vg. (X = 0
5 M Tad

since only relative values of the weights are of



significynce, the r' objective can be selected as the

numeraire so that We = 1. Then the above equation becomes

k=1

K¢ r
-

D m o
ve (X)) + £ w vz.(X) -i . dy ve(X) =0 (7.15)

The portion underlined in the above equation(7:15)
represents a weighted sum of the gradients (p-1) lower
bound constraints, since there is a plus sign before the
summation. The above deduces the problem in terms of
equation viz |

Max zr(g) subject to X € T and zk(}_i,) > ¢ (7.16)
~for V k3 k str

Since this is scalar, the problem is solvable by

the usual non~linear programming techniques .~62

AERY To generate the entire range of non-inferior
solutions, parametric variations of < in equation (7.16)
is done and computations proceeded with. For this purpose,
we can set ¢, at zero or at some predetermined value

and then increase incrementally until the solution becomes
infeasible. At every value of “X thus assumed, the probiem
is solved to yield a non-inferior point. '

76163454 We also find that there exists a dual vari~
able (shadow price) *k associated with the constraints
Zx 2 "k in equation (7.:11). At every solution vpoint of
equation, the value of ™k thus found, when substituted
in equation (7.10) of tk;e welghting method discussed in
para (7.1+2+2) would yleld the seme solution.



7.1.3.6.  Geometrically the approach of additional
constraints reduces the fegsible decision space T or

equivalently the feasible solution space S.

If A

2, (X) » <k; for k = 1,2...p} (7.47)

ko
then ‘
S = [z (X)]| Xenf 5 for k = 1,2...0] (7.18)
_ ke
where k £ r
and the problem 1s thus to evaluate
Max z.(X); subject to z€s’ (7.20)
7+1¢3:7. In other words,; each constraint zk(;g) > ek for

(p-1) values of k (except r) define the half space in ol
on tﬁe positive side of a hyperplane perpendicular to
z, axls at 2 (X) = €k . The intersection of all of
these half spaces with S gives the new feasible space sT.

For the dual objective case, we can see this in

Fig. 7.2, where S' = S N 8, where s' 1s the half plane

to the right of Zy = €

713 a:8; The advantgges of the constraint methods are:
(L) it is preferable to welighting methods as it
does not require the convexity of non-infe-
rio set.

(ii) operational considerations favour a constraint
approach rather than the weighting method of
approach: this 1s because the weights vary
differently at different levels.



(1ii) parameterisation of the constraint coeffi-
clents are easier and straight forward than
parametrically varying weighted coefficients
of the objective function.:

However, the problems assocliated ﬁith this proce-
dure are two-fold: |
(1) determination of the maximum level for varous
| objectives '
(11) adoption of the pérticﬁlar order of preference

for solution as in (i) above.

7+1.%. Parametric gggrogph38‘

71,1, The welghting methods and its dual,cons-
traint methods constitute the parametric gpproach. It is
assumed that
| (1) the relative utilities of all the objectives
are well established
& (11) the relative utilities are constant at all

levels.
7+1:k02, The problem is stated as
Max g = kii e kzk(g_) subject to X = 7 (7.21)
where €, > 0 k = 1y2v....p are the welghting

coefficients determined according to relative importance
of objectives, and can be denoted by a vector
82

Oy (7.22)

%




The @, can be normalized s0 as to obtain

P
Z Gk = 1 (7-23)
i=1
7¢1:4.3, For a geometric interpretation let us denote
set H
o p _
H = {g‘lg,g =C } where ¢ 1s a constant.

This will be a hyperplane in RP with outward normal
~denoted by @. The maximization of g?g can be viewed as
moving this hyperplane W with fixed - in a positive
direction as far as possible such that HNS is non-mill.
This maximum will normally occur where B 1s tangent to S.

7okt bt For a dual objective case, this is illustra-

ted in Fig., 7.4. H 1s a line in this cgse with slope

- eNED : the maximum of this occurs at point B, whichis

Qm .
the "best compromise solution!,

7+1¢5+ Rerivation of Functional Relationghip Method
721651, The main contribution to this field is due

t0 Reid & Venuri. They have shown that for a certain class
of problems a functional relationshiﬁ between each objective
and'a sét of weights on all objectives could be derived.
Wwhen these relationships can be established, the value of
any objective can be found by simple calculations. The
selection of welghts for each of the objectives 1s post-
pohed until after the performance characteristics of the
problem are well understood. The procedure also generates

a set of equally viable solutions which are non-inferior as

in the other cases "Generating Technigue Methodologies".



7+1:5.2. The 3 basic features of the algorithm are

- as fo:l.lows“25

(1) performance of an unconstrained optimization

in terms of an auxiliary performance index
 Z rather than 2 itself.

(11) the auxiliary index Z must be a positive

| polynomigl and if so

(iii) the non-inferior solution :'Z._*:.-. (2*1,2.*2...2*1‘))1‘
can be related to the optimum auxiliary index
%” via a simple functional form invblving
velghtage coefficients.

The main requirement for the applicgtion of this
technique is that the required objectives be expressible
as a "product of n terms" such as "Cobb-Douglas Type"

viz;

. n Pk |
Zk(z) = JH] (xj) LR NN v k (7 '2)+)
. =1 .
wvhere xj > 0
and bjk is a real number.

Thlis equgtion has the special property of deriva-
tion of the functional relatlonship between z, (X S .“k
for all values of k. Reid & Vemuri have preferred the use
- of Cobb-Douglas function for the functional relationship
because of the fundamental duality between these functionsg

and cost functions.125

The second step is to define an auxiliary scalar

index % as
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%= k§1 @, z,(X) where o .; 0 (7.25)
P ¥ b
= I @ (x,)" 3k
Koy ¥ !l' 3

Thus the use of Cobb~Douglas types of functions

in equation leads to an auzd.liary index that is a posy-
nomial. |

We have the necessary condition for maximization
of z 1s -1 n D,
R AW Hﬂ (xy) Jk] =0
-}
ket \ )

' (7.26
subject to X, 2 8 )

The solution of the above equation defines the
value of x, that maximizes Z

The above equatidn can be reduced to the following
form after denoting the maximum values by an asterisk:

) |
T vy oz G =0 (7.27)
xr =1

By substituting x = xﬂ in Equation (7.25) and
: o~
dividing throughout by 2z , we have

p .
x-1 K | 28)
where the performance weights have been defined as
. & ]
Wk o= dK. zk (x )
'2': (xa) (7'29)

In view of the relation (7.28), the maximum value

of ':B*(x'a) may be written as
p

| | o 3 ( *) W
oo e [ }

k=t
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by virtue of equation (7.29).

CNCHI f %), ¥ ,
% (x) k& (;}l_{_), | (7.31)

or

which is the parametric representation of z*(xw)
in terms of cost coefficients @, and the weighting cons-
tmts fork,z 1,2,3oncnuno po |

‘With the help of equation (7.29) we can now deter-
mine the non-inferior set, in terms of A .y v as |

SR (=) ’ fl (%)wr ¥ x (7.32>‘

Y
- or z;-(x*) = C(_:'_'lg H (g)“’r v  (7.33)

‘Thus we now determine the elements of non-inferior
set (as the auxiliary performance vector is now not in
the above equation). The final equation is found to be

a function of 'a', the cost coefficient,

The disadvantages of this method are:

(1) the specific form of representing objectives
as a product of n terms of decision variables
is difficult: for water resource planning

problems.
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(11) there is a necessity to differentiate each
objective with respect to each variable. For
water resource planning problems the objectives
could'ﬁé many and variables are considerably
large and differentiating each objective
#ith respect to each varlable and subsequent -
solution of the set of simultaneous equation
is compuﬁationally infeasible.

(1ii) the method limits itself to'unconstrained
optimization and hence unsuitable for water

resources planning.

Thus though the method is powerful to give results
for any rgnge of weights by simple computations, the idea
is difficult to apply for water resource problem due fo
the large number of vgriables ihvolved. A typical example
for a small scale problem, adopting this gpproach has been

demonstrated by Vemuri.125

However, for developing the
functional relationship certain heuristicv assumptions
have been necessary. This points out the need for further
works in establishing such functional relationships before
the method could be epplied to real world probleﬁs as in

water resource projects.

7+1.6. Adaptive Search Method

7.1+6.1. This method aims at determination of non-

inferior values and 1s due {0 Beeéson & Meisol.1o'

74¢1¢6.2. The method starts from an initial non-inferior

solution to approximation of other non-inferior solutions.
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It is initially assumed that £, vill be non-inferior in
decision space T. The problem is

Max % (Z% subject to X € T (7.34)

The new iberative solutions are generated by the
folloving recgrsiﬁe formula, the direction of search being
determined by the gradients of objective function.
Xeor = K - o8y gt (%) we + o (7.39)

where &, controls the step size

J 1s the Jacobian matrix of partial derivative
of the objectives with respect to decision
Variables.

¥, determines direction control

& ¢ controls the feasibilitf/ of the solution.

The search is réstarted a large number of times to have

an adequate covergge of the non-inferior set.

Leyi:.l’uarrl.?5 has applied this technique to water
resources problems. He has combined the steepest ascent
and a modified version of pattern search that use the
gradient estimates and incorporated it in a simulation
model (Chap.8.2.2) to'optimize an example water resource
system, following the strategy given in Fig. 7.3.

7e1e7. Marglin88

methods. Mgjor proposed the concept of "Grand Benefit-Cost

is the first to ihtroduce welghting

Analysis" extending the spproach to water resource plan-

ning angd project selection.so In both their spproach to

»
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the weighting and constraint method, however, a socially
optimal single golution 1s possible as the welghtage
factors are gssumed to be "known". In other words,
Marglin and Major methods do not yleld the generation
of whole range of non-inferior set. The UNIDO's approach
118 chap.) 15 a tactt

version to deflne a constant welght. This comes also,

to discover the switching values,

therefore, under the weighting class. Parametric approaches
assume constant welghting factors for the objectives.

It requires a careful predetermination of "price',using
value judgement of each objective, for gll possible combi-
nation of levels of attaimment. This particular aspect,
implicit in Major's semantic workao faced severe but valid
criticism from Freeman- and Ha:vemaun,3’(> and glso by Vaut &
wii11is'?,

The changes in objective levels, either expected or
proposed, are trivial from a national view point, unless
there are intentions for major changes in the objectives
itself. As water resource plamning problems are of national
nature, the pressumption of constant weight for different
objectives, at legst in a "partial-equilibrium analysis®
may be considered as valid. Thus the methods of welghting
techniques or constraint approach provide a broad scope
to deal effectively multi«-'ob;] ective analyslis problem as
shown inChgpter 4. |
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7.2+ MULTI OBJECTIVE SOLUTION TECHNIQUES THAT RELY ON
PRIOR ARTICULATION OF PREFERENCES

7+2.1. A generdl feature of the technlques described
under thls class is that the computaﬁional effort for deri-
ving a solution is the least, as they do not assign to
themselves the genergtion of complete non-inferior set as
in gection 7.1. Only a part or even a single computé.tion
may lead to a solution of the problem. This facility is due
to the fact that prior articulation of preferences reduces

the work ylelding direct solutions.

702 s Lexj-cogragh!
| In Chgpter 5 on multi-objective decision-making we

had examined this approach in a brief way. Basic to this
method is g ranking of objectives in the order of importance
'by Decision-Maker (DM). The method then obtains the "best

compromise solution" by maximizing as many of the obj éctives,
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as possible simultaneougly, starting with the most impor-
tant objective followed by the other objectives in the

hierarchical order.

Assuming the order of objectives are Zq 22....zp,

we can state the problem, thus

Max z1(§) subject to XE T (7.36)

the solutions being obtalned belng the all possible ones.
Let it be denoted by set 81. Then the next most important
objective z, (X) is maximized subject to X € 84 to find

solution set S
l.e

Max z,(X) 8.t X€ g4 (7.37)

?hg process 1s repeated until all the p objectives have
been considered. If the solution set 5, at the k™ jtera-
tion has only one element, then this will be the solution
to the entire problem and the remaining objectives ranked

less important than z, are ignored.

The main advantage of this approach is that it
reflects the logical manner in which solutions for similar
problems are solved by us usually. However, there are two

major disadvantages vith this approach viz;

(1) the solutions are very sensitive to ranking
and the ranking needs to be done carefully.
(ii)Awhen the objectives are of equal importance,
the arbitrary ranking, if not done properly,

would result in inferior solutions being chosen.



kdaltézvhas proposed & variation of this method which
accounts for small variations in levels of attainment of
the objectives maximized while maximizing the subsequent
obj ective in order of ranking.

7+2.3. Goal Progrggging |

The pre-requisite for this method is that the
Decision-Maker sets goals that he would like to attain in
each of the objectives. The Goal Progrgmming is aimed at
reducing to the minimum the welghted absolute deviations
from the set targets for the-va,rious objectives.

Let Z be the vector of goals set for the objectives
Then, the problem is formulated as

Min “ z - :ﬁ_ ” (7.38)
subject to X € T
vhere “ . H denotes any norm. Important to observe is

that the goal vector /_ﬁ_ need not be in the feasible set S.
In fact if the goal vector is inside foasible region then
it may yield an inferior solution, as will be seen subse-
quently.

16 ho spplied

it to linear problems. Using the sum of absolute values of

This method is due to Charmes and Cooper

the deviations as the norm they keep the problem linear by

defining vectors of slack variables _c_i_" >0 and '51: 2 9

such that _ d+ d- (7 .39)

|04

E-



a* represents the vector of d1,d2... d.p vhere
d) represents the over-attainment of k"™ objective.
Similarly d;; represents the under-attainement and d

represents the vector of underattainment values.

The problem then 1s formulated as

p ' - .
mnki*a a4y + dp - (7.40)
| N . -
subject to 2 -2 = 4. -d. (7:41)
and X €T

Goal Programming can szlso consider the aspect of
prioritiés between objectives, say Pk for k¥ objectives.
If the objective r is identifies as a high-priority
objective, implying therebly

Pr > P (7.42)
the consideration in analysis is simple. The objective
function of the Goal Programming for equal importance bet-
ween obj ectiv‘es vide equation (7.40) above can be refor-

mulagted as P
Min I p (4 +dp) (7.43)
k = 1

to include preferences for objectives.

Another extensioh of this method is "mean square
109, This
assunes that k*® component of goal vector Z will be Zy

approach", and has been adopted by Salukvadze

the moximum value of-Zk(L) subject to X € T and uses a

least square norm.
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| The advantages of Goal Programming gre:

(1) it is computationally efficlent to other
‘methods

(1i) it is vepy useful in multi-objective declsion

making, especially in private sector where the
decision maker fully comprehends the system
and rationally decldes the priorities and
targets for the different objedtives.

The disadvantages of the method are:

(1)

(11)

(1i1)

the method demands explicit value judgement
from the Declslion-maker even prior to evalua-
ting alternatives.

Public sector problems are complex; for water
resource system planning, for instance, it is
difficult to set a target without analysis for
national objectives and other objectives. In
fact the relative levels of social objectives
and not the absolute levels, are of importance
in these problems. Absolute quantification

of targets and priorities with no knowledge
of the feasible trade~off embodled in the non-
inferior set is indeed a problem.

it 1s also necessary that a wide coverage of
senslitivity analysis is done to establish the

- non-inferiority of the solution obtained by

Goal—Programmihg.'
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The aspect (1ii) above is apparent from Fig.7.4.
In this dual objective axls, let Zygp @9 Zpr be the two
axes as shown. Let the set target for each of the objectives,
as above, be, 2NED and Zpr, as shown to scale in the graph.
Assuming that the order of assigned priorities are to RI
and NED respectively i.e. >>> . If 2 is the
Prr >>> PyEp R ( 9)

goal set, then the gsolution ylelded will be A. This is due
to the fact that the programme minimizes | 2 2R - % ] to
begin with, and at A, this is the legst. so long as the
goal set for RI objective is ) to ZRI(3) (with goal set
for NED at ENEEP’ The programme will yield a solution in
the non-inferior set. But if the goal is sef at ERI(3) as
shown with the other goal at Zypy, we would obtaln an
1nferior solution. Hence the necessity for sensitivity gna-

lysis shown in (111) above.

(iv) This method also suffers from the duality
gap problem (para 7.1.2.4).

David23 has utilized this method for water resource
planning congidering purposes such as water requirement,
Flood protection etc. as objectives and solution ranking

done through the "Electre" algorithm (para 7.:2.6).

7.2.%, Goal Attaimment Method
This method is slightly different from the goal

'programming method. In this method, the attempt is to obtain
the goal vector 2 in such a way to allow the other components
to vary within certain bounds or tolerances.
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Lot & Do a vector indicgting the pormissiblo
positive or negative deviation of tho
desired goals.

Bagic to the problem is, then, the determination of

(1) the attalmment levels for difforent

objectives or the goal voctor :z:
(41) the permissible deviation for _ '
each objeétive or the deviation &
vector |
The problem is
Min 7’
subjeect to Z + a ¥y £ 2 (7.44)
£ <7 |
& 23 0 (7.45)

where ¥ 1s a scalar variable of unrostrictod

glign. Nomelly 2 4ig nomglized so that %’ 5k = 1.
K=t
For a dusl objective case, the problem is5 shown

in Flgure 7.5. 2 and g fix the directon of solution
vector :z: ~Ya =2 The minimun of ¥ occurs at G for
the case X € T & 2 € 8

-

orz emcs.  (7.46)

The advantages and disadvantages of thls approach
are similar to the one stated for Goal Progremming. In addi-
tion to declding :z: , the Declision Makor is to determine 2

also in this method, prior to having a knovwledge of the

feaslble solutions of NI clpss.



7.2.5. Qtility Functionsg & Optimal Weights
7.2.5.1. Utility Functions

The concept of utility function was brought out in
Chap. 4.4 and also dlscussed in Chap. 5.5.1 as a tool for
decision-making process. As was brought out therein, the
‘best compromise solution' for multi—obdectivevbroblem is
definable as the point at which social indifference curve
or the contours of equal utility, is tangentlal to the non-

inferior get (or the transformation curve).

A direct derivation of the benefit-cost solution
bypassing the generation of the entire NI set in most cases
1s also avallable and is due to Geoffrion39. In this case,
the problem is as follows:

Max U[(2) ] subject toX € T (7.47)

where U(z,), u(z,) etc. represented utilily due to k" obj vk &
U [(2)] indicates total utility.

Restrictions as below are necessary in such a case:
(1)  the utility £unction shoud be monotonically
~ increasing ordinal
(11) it should be preferably gquasi-concave
(iii) the total utility should satisfy the direct
additive weighting (para 9.2.2).

7.2.5.2. Optimal Weights
As was brought out elsewhere, the line which passes
through the point of tangency of non-inferior set and social

indifference curve is a substitute for preferences; the slope



of this line is proporticnal to the ratio of the weights
of objectives. Marglingo, Major,so, Sen,118 Das (}u.pta.”8
deslgngted the ratios thus derived as optimsl weights.
They interpreted thlis to be the relatlive value that the
society holds for these objectives:

If the optimal weights w" i1s known, then the "best
compromise sclution' can be obtained by sblving

Max Z (X s E*) subject to X € T (7.48)

P
or Max ,k21wk 2y (X) subject to X< T (7.49)
' ]

This is the same gs in equation (7:9). with the
difference that the optimal weights are provided by Decision
mgker to analyst in this c;;,sea The computational burden is
therefore the least. In the earlier cgse of Generating
Techniques (para 7.1+2+2), the attempt was to generate f;he
whole non-inferior set with varying w, (weights), since w,

were unknowns in that problem.
7¢269.30 The advantages of the above method gre:

(i)' It consliders trade-offs explicitly.
(11) since the 6pt:l.mal weights or the utility
function (social indifference curve) is known
" in the zone of interest, the need to generate
‘the entire non-inferior set is avolded. Even
only one solution is adequate though sensitivity
anglysis on weights would be desirable.‘19
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The disadvantages of this method are:

(1) . the explicit quantification of trade-off
does not insure optimality of decision.
when the informmation based on which decisions
are made are insufficient.

(11) the decision makers is to articulate value
Judgements (on weights of utility function)
and this is to be done without fpll details

~of analysis or the results thereof.

(iii) the deviation of optimal weights even though
based on past declsion 1s still open to doubt.

70 2.6- Other AEEmgCheS

An important gpproach of recent origin is to gene-
rate a partial ordering of non-inferior solution by a
method known as "ELECTRE". This method is due to Roy1o§
An out-ranking relatlonship 'R' has been proposed which is
analogous to Decision Mgzker's prefe;ence ordering but
wlthout the need for transitivity. The method starts with
an avaellable set of non-inferior solution‘§° and denotes
"té ﬁuild a ranking with the Decision-Makers value.Judge-

19

ment. ’ The use of "Electre" in water resource plamning

problem is found in David.=3
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7+3. INTERACTIVE SOIUTION TECHNIUES

7:3.%.. The techniques in Section 7.2 required arti-
culation of prior preferences. It is apparent that this
type of value judgement may not be °appropriate in public
decision making process as it calls for a previous deter-
mination of the welghts or socletal indifference trade-

offs between objectives.

In this seétion"we attempt to review the class of
solution techniques which are interactive. In other words
it means that a progressive articulation of preferences
of the IM will be the aim of these solution strategies,
and the preferences thus sought are by placing before
the DM the results of analysis €arried oﬁt thus far.,

The common algorithm applicable to these solution
techniques can be depicted as shown in Fig. 7.6.
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Though there have been numerous methods avallable
under this class glso, we restrict the review to three
common methods viz; ,

(1) Stem Method (1971)

(i1) SEMOPS Method (1973)

& (iii) SWT method (1974)

7.3.2. Step Method "gTEM" !

7e3s2e1e Baslc to the step method 18 the construction
of atpayoff table' shown in Table 7.1. This is done by
solving a problem as below:

Max. z, (X) = 3:':;1 = c? Xy (7.50)

subject to XeT ; ‘for Vk (7.51)

_Leét'the solution to this problem be X .

By definition, f‘ yields maximum 2z vhich we will
denote as My | |

. Let the values of the other objectives with ﬁi be
k .
ZJ vhere J = 1’2 sses P and j # ks Lo

ZI; -~ ZJ (f) forj 1:. 1’2-¢op (7052)
j otk

The values thus obtained for the various objectives
are utilized to construct the 'payoff table! shown in Table
(7+1) 1.e. any row such as k in table gives the values
of objectives for the solution )_L_k.

Obviously the diagonal cells My s ¥k in the payoff
table in (Table 7.1) is the ideal solution, since it maximizes
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all the objectives individually.

76342424 Since the objectives are in conflict ( and
hence the multi-objective problem) this solution is infea-
sible. The first step in this method is then to find a

. non~inferior solution, which is ihe "nearest"” in the mini-
max@ sense to the ideal solution f‘ where gk is the solu-

‘tion that yields My, k = 1,2......D.

Thé problem is then
Minimize D (7.53)
subject to
me [ Mo-m @] -pgo
k = 1’2.00-op (7.51*')
xe o

D30 (7.56)
where T* = T fori = 4 } (7.57)
and ' = Ti for 1 > 14

Ti is the m.od'i‘fied form of feagible set in décision

space due to progressive reactlion and articulations of DM

due to solutions presented in (i - 1)“‘ iteragtion.

'7.}3;2.3. The D in the above equation (7.53) i1s the
maximum welghted deviation of an objective from the ideal
solution which is to be minimized.

# Para 5.5 "Spatial Proximity methods" in multi-
objective decision making models 1s relevant.

@ Para 3.3.3.% may be scen for Minimdx rule.



The weight Bx is defined as

R, = :k - ' (7.58) ;
g 4y ' '
Xe1
where % n P.ox 2z .-1/2 (1.59)
4= Dk [ OE ey )P ]
T T 3=

in which m; is the minimum value of k! objective found
by looking to the smallest value cell in the k®B column
of Table 7+1

K is the coefficient for Jh gecision variable

c.
fbr the l:l:th component of the objective function (vide
equation 7.50). In brief ™k thus represents normalized
weight on the kth objective vhich by equation (7.59) depend
on the variation of the value of the objective from the

'ideal solution' Mk;

The second step (Fig.7.8) is to elicit the DM's
preferences. The effort is to find out which objectives
in the sclution can be decreased so that "permlssible
unsatisfactory level in the analysis" can be inc reased.
The problem is repeated (Fig.7.6) by redefiping §? at the
1 th itefation, by incorporating the DM's progressive arti-
culated preferences; this is done by changing decision

variables X and algo the feasible set in decision space T.

The procedure stops at an iteration when IM is ,

satisfied with the attaimments or at pt® iteration. If
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the performance is still considered unsatisfactory at the
pth iteration then the method concludes that "no-best com-
promise solution exists.

The advantages of the method are:

(1) DM is able to feel the effect of the preferences
and able to modify the decisions progressively.

(1i) The solution finglly considered by DM is after
an explicit understanding of the analysis and
the sensitivities.

The disadvantages of the method can be stated as:

(i)A If gfter p iterationg, the DM is unable to
'cOmprbmise,no solution exlsts as per the method.

(115 Exi)licit consideration of trade-offs are not
available gs the weighté do not refléct the
value judgements on the part of DM.

The method, though computationally efficient and
rational, has not been widely applied in water resource

planning problem as the decision vectors are large enough.

7:3.3. Sequential Multi-Objective Problem Solving
"SEMOPS" Method

743431, This method 1s due to Monarchi- et al”’. The
main feature of this procedure, like others in the cate-
gory, is to generate information sufficient enough (in a
progressive manner) so as to enable the DM to select an
alternative "in an aware" situation. The algorithm does not
solve the problem by itself but provide adequate infoma-
tion for a decision sequentially; it is as follows.
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7e¢3e3.20 Let the goals for p objectives be 2, .
The problem is to declde the policy decision vector X
subject to usual equality and inequality constraints.
A constraint, upper and'lower bound, to the decision vector,

specify the range of the desired solution i.e.
0¢ b ¢ X ¢ B <o (7.60)

Peculiar to this method are the use of 'criterion

funcfions' | and "a surrogate objective function".

The critdrion function, akin to classical objective
functions is of the formm Z = Zk(gg) :dax‘;d is utilized to judge
the achievement of p objectives. The range of xth eje-
ment of 2 is T (z.).

’ Alongwith the set goals for p objectives Z, an
aspiration level 4 1is incorporated in the al_goritm; 2_
is supposed t0 be an externally stipulated goal level'
while A indicateé the attainments DM desilres as the solu-

tion progresses.

7.3.3.3. The method distinguishes five possible types
in wﬁich the goals could be set, and suggests an appro=.
priate transformation of them into function 4! with values
of real positive numbers. The five categories and their

transformation are below:

(1) at most

-3
oo
op s

(11) at legst

(ii;L) equals

o
n
the
~~

3] 8
+

i
o’
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. Ay 2
(iv) within an interval d = ( Ty ) (= + res
e A1*A2 q
(v) outside an interval d ”,( v ) (A1 Z_,)
-+ A2

In each instance value of d < 1 implies that the
goal 1s satisfied. The dimensionless indicgtor.of the
attainment‘of goals for p objectives is:

d = DX (7.62)
The transformations proposed are all nonlinear
functions of the criterion function {Z = 2(X)}except for

case (1); the construction of transformation is consistent

for an uniform interpretation of’p goals.

703030, The cyclical optimization is done through a
"surrogate objective furiction" s defined as below

5= yepr'k (7.63)

where p' the subset of the set of p goals that make up at
any iteration process, and the value of each dk in s
- reflect whether the goals have been gatisfied; unsatisfied

goals have values > 1.

7335 gince the transformation dy is non=linear
(besides possible non-linearity of the criterion function
zk), a direct comparison emong gy 1s dlfficuit; in other
vords a unit change in 4, has a different meaning within
the same goals from one iteration to ﬁhe next. Minimiging
s provides information to DM to help define the next cycle

in the search of 'satisfactum'. Thus the method tries to
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maximize the attaimment of each goal set for the objective
by minimising s; the definition of s as the "surrogate"
objective function is thus implicit.

7+3+3.6. The gOais set for objectives not included in
sgt pP' in the 'surrogate objective function' s viz (p-p?)
are added és constraints. while the presence of a goal in
s 1s indicative of the desire of the DM to achieve the
corresponding»A with the awareness that this might also
be not possible, a goal that is entered in the constraint

set means that the same must be accomplished.
7:3.3.7. The 3 step algorithm proceeds as follows:

- (1) set up
-(11) Iteration
(1i1) Termination

Set up involves transforming the original problem
as in para 7.3.3.2 and para 7.3.3.3. above. The iteration
step 1is the core and 1s the true interactive segment of
" the algorith} this involves a cycling between optimization
Phase and an evalugtion phase until a satisfactum is rea-
ched. The termination follows.

7+3.3.8. At the beginning i.e., 1 = 0, (where 1 denotes
the iteration) the aspiragtion levels are equalized to

the set goals, A= Z After iterations, at any,,ith stage,
a principle problem is fbrmuiatedfwiﬁh‘goals S¢t for cer-
tain objectives entered as additionél'constfaints (1f =0

desired). The surrogate objective function is, in such a
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cyse denoted by:
i

d
- 8 k *

- where goals for objectives 3,6' ¢ P'.

‘7.3.3.'-9. The solution, which is the optimization phase
follows, and the resultant vector in decision space is

obtained as
i i i
EI = (x1 ’ xa sesss e ru xn ) (7'65)

The t'optimality! implied here is in the mathemati-
cal sense as DM may not consider this as the 'best comp-

promise solution'.

The corresponding values of the criterion function

(objective function) is

i,%¢ i,s i, 36 :
-z-d.’36 = (z.‘,g' Y 22’ ¢ ts e e o8 B0 Zp ' ) (7066)
The dimensionless indicgtor of attalrment for the

1th cycle 1s yielded by

i
Qi- ( d1 ’ d2 LI B BRI B BN Y BN ) dp |

1™ oycle contains a prineipal problem

74343.10. Any
as above and set of auxiliary préblems. These auxiliary
problems gre due to the set of goals for obj ectives not
entered in the principal problem and képt as éonstraints.
Thus within each éycle, p! auxiliary probléms are solved

with reformulated surrogate s for each case.
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7:3.3.11. Monarchl et al have solved an examp1e97 for

a hypothetical pollution problem where each of tﬁe'goals
for ﬁhe objectives (related to pollution level, cost, soclal
rate of discount ete.) are modelled mathematically so as

to connect the variables in decision'space. Qith progressive
interactive approach, the DM's preferences are articulated

and 'satisficing' solution evolved.

Amnother demonstration of the use of "Semops" has
been by English et ai? for the multi-purpose control of
a natural lgke. Four goals for the lake level control con-
sidered in the analysis are: 4

recreation; flood control; low level control for

quality, and irrigation. |

Bach of the goals has been expressed in its owm
units; an interactive approach with DM has been followed-.for
"The best compromise solution" in deciding lake level that
would optimise the objectives.

-

7+3.3.12. The advantages of the method are:

(i)lv It does not attempt to solve the problem btut
limits itself to generate information, as
desired by DM, sO that he can choose an alter-
native. ’

(1) The information is generated ihteractively
and hence avoids the advgnce need of spécifi-

cation of the preference structure.



(i11) The DM can rqvise the preferences during the
course of interaction based on results and
can dévelop a ranking of goals for the ob-
Jactivesin a way that combine subjectivity
and objectivity. |

7¢3:3¢13. The disadvantages gre:

(1) where the problems are of nature 1nwoiving a
large number of variables, the solution stra-
tegy may be difficult to apply.

(11) the technique does not acccﬁnt for uncertainty.

(1i1) a relatively larger burden is placed on the
DM; in other words much subjective decisién—

making is called for.
/
7.3.4%. Surrogate Worth Trade-off Methods (SWT Method)

7.3k01. This method is due to Halmes, Hall and
Freéhen53’5h. It recognizes that optimization is more con-
cerned with fhe relative values of additional increments
of the vgrious non-commensurabke objectives, at a given
value of each objective function, then it is with thedr
absolute values. The Decision-maker in this approach needs
to assess only whether an additional quantity of one objec-
tive is worth more or less than that which mgy be lost from
another, given the attalmment levels of each objective.
To help this declsion, the SWT method generates trade-off
functions which show the re;ationship between a weight on

one objective when another objective is the numeraire and
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the values of that objective. A set of trade-off functions
which can be interpreted as a disaggregated non-inferior
set in which objectlves are considered in pairs is obtained
by the solution strategy.

7634424 The computational procedure can be briefly

reviewed as below:

As a first stepy the maximam " value of each of the

objective function is evalusted l.e.

Max 2z, (X) subject to X € T (7.68)
| | ¥k (1,2,006up)
1gnoring the other (p «# 1) objectives: We obtain thus
(X) which represent the maximum valuess

7;3;4;35 ~ The general approach to the problem is to find
the maximum value of each objective function subject to a
set of constralnts: The multi-objective problem is there-
fore framed utilizing constraint method discussed in Chap.7.:1.3.

734k, The problem can be stated as
| Max 2y (X) L (7.69)
Subject to X € T or gJ(ZC_) €035 =12.0..m
. end g, (@3

where

A - k“1,2,0.-.90p

k 4 1 | (7.70)

—

‘x > o

& Minimum has been obtalned in the anthor's works

pro leams

as minimizing" are considered therein.
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vhere ’.%k(x) is obtained from equation (7.68)
above and gk is varled parametrically in the process
of constructing trade-off functions.

7.3.4.5. The generalized Lagrangian L to the system

is forjmglza_.ted as m
L = gp(X) + 321 *&IX)

s

‘ ké N (2 (D) =4 ) (1.71)

kgr .
Whereﬁj’ J = 132eseee el gnd )\m, k = 1,25-.‘.p

and k #= r ,are generalized Lagrange multiplier.

Let X demote the set of all xj, i= . 1,2....n,
that satisfy Kuhn-Tucker conditions in équations (7.72)
(7.73) 71?1 that follow. '

| Let - denote the set of all Lagrange multipliers
that satisfy those Kuhn-Tucker conditions.

From Kuhn-Tucker conditionsy we have, for stationary
values of ¥, }xj and » ok
(k = 1’2¢76-¢bp andj = 112¢6Q~-6m)

Ak [ 2 (X) - &y ] =0 , iz:ﬁ,z...fp (7.72)

and X4 > 0, K= 1,20000.D (7.73)
k# v T

Equation (7.72) holds if » 4 =0 or z, (X} - €y =0
or both. Howevery if z () - €k > 0 for any k = 1,2:...03
k # r, then the corresponding )‘rk = Q. Thus when the kth
obfjective 1s not binding, the corresponding Lagrange multi-
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plier (shadow price) is zero. Denoting the set of inactive
constraints assdciated vith a specific value of ¢ kX as

I ( ék), we have !

T(¢) = (XX €% 3 2 (B - €, >0}
| ﬁ k= t,2 .. L. p (7.74)
L ' k# r. J

Similarly let the sets of ‘activ‘e'or binding constraints
associated with the specific value of €, be A(€,):

~

A(%) = [k Xex; gX) - € =o]

1] k=1,2.......p r (7.75)
ko 2 o

The values of ?‘rk [A (ek)] kK = 1,2......p,'

"k #£ r, are of special interest. They indicate the marginal
benefit of the objective function z (X) due to an addi-
tional unit of k.

We have from equation (7.71)

- 8L
76, = " Mk (e K z ;,2..‘13} (7.76)
. . o r '

for X EX er, 1"‘;] € R ;3 for all

j and k, we have

z.(X) =L (7.77)
Thus Ay ( €) = "3:‘:;@ . K= 1,2...p (7.78)
k k s r
Fbr al»l XYK[A CQK)‘] 2 z‘K(é) = €K 2

K = 1,244.4++.py k # r, since the constralnts are active.

E_quation (7.78) can therefofe be modified as
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)‘rk [ A (ek)J

~82,(D) (7.79)
azk<z> A
7.3:4.7. From this we find that the trade-off function

denoted by the above equation can be obtained for any two
non-comménéurablé objectives e.g. $ 10000/head of animal
saved-para 4,5.1.5+ and Fig. &,8,)

The above equgtion is valid for all er[ A ()]
i.es for active constraints, We can infer from this, that
if a Lagrange Multiplier is non-zero, then the particular
constraint limits the optimum; also, that zero Lagrange
multipliers indicate inferior set of solution\sﬂ,. The set
of non-zero Lagrange multipliers represent the set of
trade-off ratios betwéen the principal objective function
as well as the level of gll other objectives, satisfied
as equality (binding) constraints. Hence these solutions
represént the non-inferior s,eﬁ, Since we need study only

the non-inferior solutlons that 1s active constraints only,

we can slmplify A . [ a(€x) ] >0 as X ((51;)~

7+3.4,8, Derivation of Trade-off
The trade-off function betweep any two objectives
r and k is defined as o

dzr =
Ta® = -Eogt (7.80)

. ,.p.4 i h M
<~ where dzp(X) = E -_azl‘(g-) axy (7.81)
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r. (%) = (vZ2.(X), aX) | 7.82
°F oy @ (V_szk(_i.) , 4%) ( ‘

and the functions Trk(;g) have the property that

]

TerS)

Tx(® = my— ¥y Ty k.. (7:84)

It is possible to generaﬁe these trade~off ratios

1 if r=k (7:83)

by calculating Lagrange multipliers A ;. vide equation(7.79)
as a. function of € k., This is accomplished by solving

the equations given in ¢(7.69) and ¢7.70) for a certain
number of values say L i.e: ¢ , € e3> .. ey

where all other °m (m = 142¢e5.4e.p; M % r,k) are fixed

0
at some level “m . With varlous values of A ik obtained

for different levels of € k for z (X)) } (since the active
constraints alone are considered), a regression analysis
can be performed to obtain the function ) Ik[zk(gg)]‘ as
shown in Fig.7.7. Howeirer,- » 4 1ls also a function of the
values of €8 (m = 1§20 i0aesP and m # r;k); a multiple
regression analysils may be needed if the first regression

-~

is sensitive to the levels of «¢,- .

7.34.9. surrogate Worth Function: (SwP) |

| When all A (ryk = 1y26000...+p) have been
determined, the functionzl matrix A can be constructed
shoving trade-off functions.: However, since the trade-offs
are in non-commensurable units, the authors propose a "surro-

gate worth function" of the following properties:
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(11)
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identification of optimal weight from the
DM by progressive articulation.
implicit DM's comparison of them with slopes

of societal indifference curves, and

(iii) specifying a "best-compromise solution"

therefrom.

The uszge of SWT method has been demonstrated in

examples (including certain applications to problems rela-

ted to water resource systems) for dual and multiple objec-

tives for sgstatic and dynamic cases by Haimes et al-sh

The advantages of this method are:

(1)

(11)

(1i1)

(iv)

it is possible to handle non-commensurable
objective functions quantitatively in an
effective manner.

the method provides a systematic comparison
of the objectives, two at a time. This
enables clarity in case of problems of higher
dimensions in function space. |

the decisions IM has to make is minimal.

To facilitate these decisions, a constant '
intersction posing relative objectives is
made, thereby bringing clarity and meaning
t0 a multiple objective problenm.

for large number of objectives in multi-
objective problems (p > 4) this method
offers computational efficlency.
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The disadvantages are:

(1)

(11)

Trade-offs are generated only between two
objectives assuming fixed values for the
remagining objectives. The variations of the
trade-offs with the attainment levels of the
reét of the obJ ectives are.captufed only in
a limited sense. |

For p < 3 computations involved are more

. compared to weighting techniques.

(1i1)

The method is vulnerable to computational
sensitivity to the number of objectives.



CHAPTER 8

A PRACTICAL APPROACH FOR WATER RESOURCE PLANNING PROBLEMS



8.1. INTRODUCTION

8.1 e 0f the various methods discussed in Chapters 7 the
following methods consider trade-offs explicitly:

(1)~ Welghting methods I in generating methods for
(ii) Constraint methods { non-inferior solutions

(iii) The estimation of amongst the class of solu-

optimal weights tion technique that rely on
prior articulation of pre-
ferences.
& (iv) The SWT method In the class of interactive

solution technique.

Oﬁr treatment of weighting'and constraint methods
vere rather similar. while the SWT method has its own values,
for the institutional set up that obtain in our country for
dealing water resource planning problems, difficulties are

174



apparent for a constant interaction between analyst and the
decision makers. As such, the choice is left between weight-
ing anad constraint methods and the estimation of optimal
weights. As discussed in para 4+.5.2 earlier, the prior arti-
culation of preferences in 'a top~down' methodology has inhe-
rent difficulties and drawbacks. For a 'bottom-up' methodolqy
as suggested by UNIDO (briefed in para 4.5.2), the generating
methods for non-inferior solution, particularly the welghting
methods and constraint methods, are most us.efuls As the cons-
traint methods can yield solution even for non-convex non-
inferior set in function spacey the method was considered

superior to weighting method (para 7L2.4).

8.1.2. Water Resource Systems -~ A general Statement

8.1.2.1. - Water resource systems represent a complex sto-

chastic physical system embedded in an economic, social and
institutional frame work that is difficult to model. The
decision variables in the system range from deciding whether
wat‘er resources investment should take place to questions as
to where and vhen facilities such as reservoi:bs, diversions,
power generation, irrigation areas etc. should be developed
and to microscale questions of how an individual component
should be operated over time. 'Dorf‘man3° has named the concept
of modelling these inter-related decisions in the context of

physical and non-physical enviromment as screening model.



For a complex river basin, with many interest groups ang
many potential development alternatives, the determination
of optimal aglternatives, has become a dlfficult problem.

B.1e202. with the employment of multi-objectives for
planning, a particular alternative, together with necessary
assumptions about its physical and economic behgviour needs

a careful analysis to assess its contributions to each of the

objectives.

84243, For this kind of problem, the detemmination of

the net benefit transformmation surface representing the non-
inferlor solution set is the first requirement. This is com-
plex as there could be a large number of feasible alternatives
possible for adoption. To analyse these feasible alterhatrves,
it is best that recourse is made to gystems analysis through
mgthematical models.



B%2. MODELS IN SYSTEMS ANALYSIS

Models employed to solve water resources planning

problems are varied. Broadly they fall under:

(a) Optimizafion models
(b) Simulation models.
The optimization mo'dels are first considered. Simulation

models are taken up in para "8.2,3,

‘8 .“2'.1. Optimization Models

Models! under this category asim at generation of opti-
mal solutions as measured by an explicit obj ective rarking
function. Characteristics of optimization models are:



(1) They are analytic and close to thel realistic
situations

(11) They are of closed form.

(111) They generate as many feasible alternatives as
possible with major simplifying assumptions such
‘a8 deterministic hydrology for every year etc.

Since the intent of the models under this categbry is to pick
out the promising alternatives by screening out those that are
not attractive (in achieving the objectives), it can be termed

30 « The realism

as screening models as envisgged by Dorfman
of such models is dependant upon the adequacy of representa-
tion of the various issues that affect the system planning.

" To 1limit the computational process, nomally such factors as

" hydrologic stochasticity and temporal considerations are not
included in these models. Rather the alm is confined to gather
an insight into the planning problem. |

8.2+2. Stochastic Screening Models

8+¢2+.2+.1. Though the deterministic multi-objective screening

models ‘provide a valld representation of the system behaviour
on a gross scale, the stochastic nature of events may seriously
distor'l; the solutions obtained therefrom‘. Stochastic-screening
models75 are a new clgss that att_empté an explicit quantifi-
cation of the important stochastic elements such as:
- (1) resource supplies viz hydrologic inflous
(11) resource demands viz irrigatiqn water requirements

oS
(iii) uncertainty in economic evaluation such benefit



cost estim}ation, social rate of discount etc.
(iv) other planning uncertainties including those
in modelling. |
8.2.2.2. Many of the stochastic elements and uncertainties
can be viewed as imperfect predictions to be characterized
by probability distributions for the different posvsible events.
This requires the consideration of each possible event ahd

the associated probability of occurence.

8.2.2.3+ Two classes of models have emerged to deal with
stochastic screening models. They are stochgstic LP Imodel or
Linear Programming under uncertainty and chance constrained
programmuing. Loucks75, ,Havanga and de Lue:l.ag+ have worked in
these fields.

8.2.3. Simulation Models | o

Simul ation models consist of a sequence of mathemati-
cal and logical statements dQscribing the deslign and opera-
{;i'on of a system. Such a sequence of statements adjusted to
| ‘éoincide with the characteristics of a basin and togethei' with
~a series of historical or synthetic streamflows provide avmeans
of simulatiné the opefa’cion of that system in order o predict
ang analyse its perfomanceef Simulaﬁion models gre not normally
intended to indicate what system designs produce the optimality
‘ofv an objective function. They produce,instead only a measure
of the value of an objective function for a partiéular sy stem
conf:l.g_ur’ai;j.cm«55 Investigation of & large number of alterna-
tive development possibilities to locate that with the best
response would involve revising the model with each system

design and would therefore be expensive.
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8.2.4. Hierarchy of Models

From the above, it ls seen that neither optimization
models nor simulation models offer independently, enough
scope to identify the “"best compromise solution® for a large
| Scale water resource systems design. It appears that the
role of systems-analysis-models in the water resources plan~
ning process should start with the use of an optimization
‘model to locate good feasible solution (screening models as
1s commonly temmed): this may be followed by an examination
of this solution with other similar solutions in a simulation
model. Subsequently a sequencing model can be used for basin
studies to consider an explicit optimal time scheduling,

considering all other relevant fa,ctors.a2



8.3. MULTI OBJECTIVE PROBLEM AND A CASE STUDY

The planning problem in case of multi-obj ective
consideration 1s |
Max. &
where 2 = Z4y Zpeerieeccdy

_ T
&21"9.1 X

Subject to AX ( b

The solution ylelds results to enable selection
of the declslon variagbles X besides 2.

The decision variables X, b represent generally
(1) project or plan outputs
(11i) allocation of scarce resources as inputs

(4i1) policies for project and plan operation.

(R
pat
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The constraints 4 X < b take care of
(1) physical, (i1) technical,(iii) Economic,
(iv) institutional, (v) budgetary

or other constraints that are relevant.

In para 8.1.1. we had seen that for generation of
large number of non-inferior solution set the "constraint
techniques" is quite useful. The vector maximisation is

transformable into a scalar by these methods; as in equation
(7010) as

" Max. ez, (D + l{“kzk (X
' k=1
Ktr

subject to constraints on X imposed by various considerations.

‘8 434!, PRACTICAL EXAMPLE IN MODELLING: A CASE STUDY REVIEW

FETE As an exauple. of mgthematical modelling for solu-
tion of multiple objective planning problem, Cohon & Marks'

 example problem18 solved through a deterministic screening

model is reviewed below.

The problem relabes to the development of the water
resources of a hypothetical river basin shown seﬁamatically
in Fig. 8.1. The river flows through 4 regions and is the
boundary fbr regions 2 and 3. All the different regions have
their own plans for various possible develOpqents: their demand
is more than the water available in the river. The flow in
the river also exhibits seasonal fluctuations. It is unevenly
distributed in a tempofal senge differing from the preferred

demand for irrigation and power generation during different
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periods. Exports and imports from other river basins and dams
- have been contemplated to provide storage for inter-temporal

alldc ation.

"8 3420 The objectives considered are:
(1) development objective as reflected by net Iil:[=el

benefits
(ii) regional concern objective as reflected by the
tjustt reglonal water allocations

Minimisation of the absolute deviation of regi_onal water use

from average regional water use was chosen as a megsure of

objective(2)

BeBe3e This is represented by the equation

D
Min D= L W, - ¥ (-8.1)
1=1 i .

in which D is the deviation in m3/sec, Wi is the water used
in the region in m3/sec, % is the average regional water use

in m3/ sec, and p is the nﬁmber of regions

Just as in the case of other objectives; the alloca-
tion objective should be measured by a discounted metric.

For the example shown, the authors chose no discounting,however.

~§.3.4, . The transformation of the absolute value that is
non-linear in equation (78.:1) =bove, needs a change; as below
to be considered in the linear programming model utilized

to solve the probleéem.

P »
Min D = ¢ (Gi'f'ri) , (-.8.2)
i=1
such that Wy = W= =Ty . v - (8.3) |
Gy oy V3 ¥ Y O _ (18.4)

% NT = National Tneome.
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in which Gyand T, are the deviation of W; from W and only
Gy or Ty, not bothy, can be nonzero for each of the p constraints.
For a given deviation G; - Ty, the sum G; + Ty is minimized

when‘Gi or Ti equals zero.

“8.3.5.  In a constraint method, the screening model pro-
pdséd for the case study for the dual objective of (i) national
income maximization by increasing the discounted net available
benefits and (il) the water allocatioh \"?bj ectlve 1s as indi-
cated below: | %'

P
Mo D= I (6 + T3)

z,(X) > e, Subject to X e

7 LE e
L AP v

: (V.. +TF.)
W = 2 z 3.+ v 4
7421 ses, st = st |

In the above expressions all variables are non-negative,
N is the number of seasons, Sy is the set of sites in regic;n i,
L is the average diversion for irrigation at site s dur-
ing season t in m3/sec. and F,y 1s the average inter-basin

‘export at site s during season . t in m3/sec.

"8,3.6. ~As a first ‘step in solution,. an unconstfa,ined NI
maximization has been done (Max z.(X) subject to X = T) so

~as to delineate an upper bound for z,‘(;g) . Each of the steps
that followed consisted of several solutions obtained by para-
metrically varying z, fi'om an 1nitiél value 'of say 0 to z,i(max).

The solution procedure and results of the analysis are as



Table 8.1

. 1¢
Solution Procedure and Results for Generating the Non-inferior set

Z = B D mputation
SI?IoeIf pesos»i 101?‘ m3/;ec. ?éia;?ivity - 2;:;,; g.zl:f’zzrilg;
curve
1 2.10005 k436 - 9 T
2 o 0 0
0.5 0 0
1.0 0 0
1.9 0 0
2.0 102.1 <0 .0006% 20 c
3 1.6 0 0
1.7 0 0
1.8 0 0 A
1.9 k1.0 -0 ,00045 B
2.0 102.1 -0 .00064 C
2.1 397.7 -0 04787 23 I
% 2.05 136.6 -0.,00069 D
. 2.06 143.6 -0.00070 E
2.07 150 .6 ~0.,00070 F
2.08 157.7 ~0.,00072 G
2.09 - 168.0 -0.0011% H
2.10 397.7 -0.04787 29 I

The total cost equals § 77.
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shown in Table 8 .1.

The last column of Table ®.1 labels the noninferior
points which are also shown in the Transformation Curve

Fig. B 620

g 3.7,  The important features of the transformation
curve can be stated as | | )
| (1) Since a snaller deviation in water allocations
are preferred by the reglons, the pldtting of D
decfeases on its axls from origin.
(i1) The National Income starts at a value of 1».8::1012
‘p1sos. . This is so because D —_- 0 for values of
NI benefits<1.8 x 10 '2. These polnts, although
feasible, are inferior.
(1i1) The curve stops at D = 436 corresponding to point
J at which z, = 2, max. Points to the- left of J

< z max. for

~

wvith D > %36 must have values z
feasibility and therefore are inferio‘r.-.

8 3 +8. Table ‘8.2 indicates the full details of benefits
and other relevant informgtion rega;'ding the various design
alternatives. The transtformation cu;'ve in Fig.B8.2 and the
informations in Tables ‘8.1 and ‘8.2 provide adequate data
for a choice by the DM, though, in general, this requires pre-
ference informations such as optimal weights or socizl ingiff-

erence curve etcs

8 3.9, For the typical case shown, the declision-making
process would prefer a plan in the vie¥nity of point H. Using
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a geometric argument, point H would be optimum for a typical
idifference curve. Fram a trade-off analysis also, it is
unlikely that a point in segment JH would be selected because
of the relatively little NI galns, by movement from H to J.
'sigrﬁficla.r'lt deviation in water allocation dispmportionaté

to gain is spparent. Similarly, when moving from H to A, the
 water allocation is not greatly improveéd but a rather large

amount of national income 1ls saerificed.

‘3.3.10. We thus see that the information generated by
the model and contalned in the IC 1s useful to decision-
makers in tbe,selectibn.of optimal public investment alter=
natives, designed keeping in view multiple objectives.
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NET BENEFIT TRANSFORMATION

4 CURVE ( NONINFERIOR SET)
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Z _ NATIONAL INCOME BENEFITS (1970 PESOS x1012)

| | | !
436 400 300 200 100 0
D _DEVIATION IN WATER ALLOCATION(m3/sec)

1.8
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FIG. 8.2 _ THE GENERATED NET BENEFIT
TRANSFORMATION CURVE'™
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8 & . SUMMARY COMMENTS

In this chapter, one of the various methods outlined
for solving multi-objective problems in Chapter: 7' is
chosen and through systems approach, the solution strategy
available has been briefly pointed out employing mathematical
modelling techniques. An application for a case study has been
brought out for discussions. The screening models and simula-
tion models, widely employed for solving multi-objective water
resource systems analyslis have been vievied as éomplementary.
It is recommended that a hierarchy of models vig screening models,
simulation models and sequencing models,be utilized for préctical
problems. A detalled discussion on these models 1s, however,

considered beyond the scope of the present study.



PART 1III

CONCLUSION



CHAPTER 9

SUMMARY, FINDINGS AND RECOMMENDATIONS



SUMMARY, FINDINGS AND RECOMMENDATIONS
SUMMARY
| At the present state of art, the evaluation of water
resources projects are based on the traditional benefit-cost
analysis. This procedure is essentially based on the 'Pareto
Optima;ity' . Underlying this is a decentralized optimum

 achieved through the ’invisible hand'!' of competitive market
mechanism that Adam Smith envisaged.

In reelity, the objective functions of water resource
investment programmes are complex and economic efficiency 1s
just but one of them. A detailed survey indicates that the
relevant objectives of water resources projects could be
National Economic Development (NED), the Regional Incaome
Distribution (RI) and the Envirommental Quality (EQ) . Other
objectives relevant to general planning as envisaged in our
planning documents are 'self reliance', 'employment opportu-
nity!, 'social well-being' etc. An explicit consideration of

these objectives in water resources project plamning is desirable.

Given the get of objectives, the need for gdequate
megsurement of benefits and costs for each of the objectives
is apparent. The GNP and national accounts do not give a
complete picture of the value of output to NED. This is also
affected by beneficial and adverse externalities, imperfect
markét conditions and'changes in productivity of resource
inputs due to investment. The real neéd therefore lies in
social benefit-cost analysis that woﬁld reflect the soclal

gains and losses, as fully as it can. Benefits are measured
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by the concept ‘willingness to pay'. Shadow prices are used

to measure economic value of production factors where there
are disequilibrium between demand and supply. The regional
income benefit is not just a subset of national income as

it includes transfer. The 'willingness to pay' for the bene-
fits, for example, 1s the total willingness to pay of the
users in the specified region minus any charges for the output
imposed on these users. Having found'the regional income
benefits, a classical solution for a simultaneous treatment
of NED and RI objective 1s possible by formulating a combined
'weightéd function' that can be maximized: alternatively»maxi-
mizing each of the objectives subject to a seﬁ of constraint

is also fegsible.

Envirormental Quality as an objective is becoming imp-
ortant in case of water development due to society's changing
values, reflected in recent measures of Government. The
problem of equating these non~cqmmensuréte objectives with
those that are commensurste is possible through a recourse to

'éystems Approach!' after evaluating appropriate scales.
Chapters 1 and 2 deal with the above aspects.

Present and future consumptions are traded off by the
choice of an gppropriate social rate of discount. The need for
a lower dlscount rate than that of 'opﬁortunity cost! for
durable major investment projects like the water resources
project 1s an established factor. Social values of investment
are affected by the shadow price of investment. A combined

treatment of social rate of discount set rather low and

Ml ok Amce emwnd ik A D L e i mi s e Py I PR SN N O < L SO T S [N
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1& evaluation. Another important element in evaluation comp-
lexities is related to risk/uncertainties. Maximizing expec-
ted value of return or the adoption of a synthetic discount

rate that account for risk is one way to consider them. Risk
can also be input as a chance controlled non-decisioned para-
meter, 1f possible, in system evaluation. Chapter 3 considers

thes»e problems in evaluation.

Given the objectives, by investigating a sufficlently
large number of alternative projects, the boundary of the net
benefits that accrue to each of the objectives can be estab-
lished. If adequate informmation of soclial welfare functions
are avallable or the indifference in the cholce range of alter-
natives between objectives is known, the optimal choice is
indicated by the point of tangency of the indifference surface
and the boundary of fegsible sets. Problem solution is simple
if prior knowledge of weights, as obtainable in a “1oP -DOWN
METHODOLOGY" is known. It is possible in such cases to derive
a 'grand Benefit-Cost Ratio' for multiple objectives, and
show that the traditional benefit-cost ratio i1s just a sub-
set of the grand benefit-cost ratio envisaged with multiple
objectives in perspective. Chapter 4 deals with the above

aspects.

Systems Approach is useful wvhen problems to be analysed
are complex. When choices are to be made between alternative
courses of action, in absence of knowledge about weights,more
realistic gppraisal of glternative courses of action is nece-

ssary by considering trade-offs, as provided by Systems Methods.
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Systems Techniques are charactrised by the ability to focus

on objectives being sought and alternative ways to aphieve
them.

_ Multi-objective solution strategies are interlinked
with multi-objective deciéionqmaking process; They are framned
by the combination of models used for the latter which are of
four broad categories: weighting methods, sequential elimi-
nation methods, mathematical programming methods and spatial
proximity methods. In Chapter 5, a survey of these is given.

The multi~objective problems attempts to maximize a vec-
tor in the objective function and is of the general form!

‘Max 2 =C X subject to AX ¢ O and =X ¢

9 ¢ 9.
The complexity lies in the fact that it 1s not possi-
ble to directly maximize (or mipimize) a vector valued objec-
tive unlike the uni-objective scalar in case of classical
benefit cost analysis. This leads to the concept of non-in-
feriority instead of optimality as indicated by the trané-
formation hull in the objective space. The mathematical
modelling of multi-objective function and a typical example

are given in Chapter 6.

The solution of the objective function is the goal of
various techniques in the field which fall under 3 categories
dependant upon their type of approach, as seen in Chapter 7:

i) Generating Techniques

ii1) <Techniques that solve the problem based on
'a priort! knowledge of preferences for objectives

& 1i1) Interactive solution techniques.



The generating techniques attempt to provide all infor-
mation necessary to obtain the tiansformation surface from a
multi-objective model. This is accomplished without preference
from decision-maker (DM) «» The welghting and constraint methods
wvith parametric vgriation identify the non-inferior solutions
for multi-objective problems. They consider trade-offs expli-
citly and display in totality all non-inferior set. The func-
tional Relationship method is useful for the restricted class
of the control variables. The adaptive search method is yet
another technique of this class being experimented to provide
a range of alternative project configuration near the optimum

for use by DM for simple systems.

where preferences amongst objectives are knoun prior
to problem solution, results are easily obtainable. Lexico-
graphy method attempts to maximize as many objectives as
possible simultaneously starting.frbm the most important
objective and followed by others in a hwerarchical order.
The Goal Programming attempts to minimize the weighted absolute
deviations from targets of each objectives. A further‘extenA
slon of this category is the Goal Attaimment Method that
specify the‘allowable toleranceg of the goals attainable.
'Utility Functions and Optimal Welghts'! method also are of
this class which provide direct solution.

Interactive methods of solution for multi~objective
pfoblem are seen to be powerful. In these methods, a non-
inferior solution is fbund, the réactions of DM is'obtained,
the problem is modified and analysedliteratively to atéiain
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1a best compromise solution'!. The methods reviewed are

Step Method, Sequential Multi-objective Problem Solving Method
and Surrogate lv.forth Trade-off Method. The last one has the
advantage of dealing in-function space and since trade-offs
are made explicit in each stage by this method, it brings

clarity and meaningful choice for water resource problems.

The practical problem of analysing water resource
systems taking into account multiple objective planning base
is best done in a hierarchy of models: optimization, simula-
tion and sequencing. Screening models in optimization class
attempt to generate as many feasible alternatives with major
simplifying assumptions. Stochastic screening models are
recent in this class that can consider uncertainty in perfor-
mance.of the system. Simulation models refine the results
obtained by screening models to get an improved result for
objective function. Sequential model 1s utilized to evaluate
an optimal écheduling fo-r construction. Chagpter 8 covers

these aspects.

A simple example utilizing mathematical modelling for

solution of multi-objective prohlem has also been reviewed

in this chapter. The objectives considered in this study done

by other authors'® are:

(1) contributions to national income, and
(ii) reglonal concern objective as reflected by just
regional water allocation.

The information generated by the model to delineate the
transformation curve is found to be of value to decide on

an optimal choice.
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(1)

(11)

(1i1)

(1iv)

(v)
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The present planning practices for water resources
project evaluation need a revision to consider the
multiple objective as planning base, which are iden-
tifigble from Nationt's Plamning Documents.

The benefit-cost analysis considering multiple

objectives need to be broad based.

The transformation from traditional Benefit-Cost
Malysis and its associated unl-objective planning
models to multi-bbj ective anglysis is best handled

by systems approach. A hierarchy of models for systems
design is relevant with multi-objective planning base.

For a 'bottom-up methodology! the welghting and
constraint methods of generating technigue for multi-
objective planning problem is useful: in 'top~down
methodology! indicating weights the solutlions by
optimal welghts are direct.

where a constant interaction between analyst and
Defision-Maker is feasible, the surrogate worth
trade-off method that progressively accounts for

the articulated preferences is suggestive.
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RECOMMENDATIONS FOR FURTHER WORK

I. Evaluation of Projects for pifferent Objectives
(1) For an adequate implementation of the sectoral

model for denvation of social benefits and costs,
a large number of primary data are needed viz;
input-output coefficients, coefficients descri-
hing comparison of occupational requirements
within each industry, coefficients relating to
value added components to gross outputs for each
industry. Works in these fields are of inter-
disciplinary nature.

(11) For accounting for other objectives like environ-
mental quality, there is a lack of adequate scales
(for an objective evaluation). Social evaluators
are useful to study the impacts on the various

components such as income distribution etec.

II. Multi-Objective Analysis of Projects
(ii1) In the field of multi-objective analysis, the

search method offers promise for further research
for a wider application by improving the techniques.

(1v) Methods to establish function relationships
between the objectives and decision variables
are useful for adopting techniques like Reid
and Vemuri Method, described under!Generating
Techhiques'.

(v) The 'Surrogate worth Trade~off! method that is
outlined has been for determﬁgtic problems.
Further studies to account for stochasticity
would be useful. Also possibility of treating



(vi)

{viy)

i96

risk and uncertainty as objectives and apply-
ing the methods needs to be explored.

In the development of interactive techniques

the basic assumption is that a single quanti-
tative value for preferences (e.g. Trade-offs)
1s obtalnable from decision-maker. In real world
problems (particularly Water Resource Projects
involving public decisions) there are a number
of decision makers with diverse opinions. 'This
has led to the emergence of a new field 'multi-
objective multiple declsion making'. Research
in this field 1is required to adequately account
for such diverse factors keeping multiple o‘pj ec~

"tives as planning base.

Finally the most important 1s application of the
multi-objective method of analysis for real
woi‘ld problems viz; water resource systems,
wvhich is complex. Basinwise studies that expli-
citly consider the declared multiple objectives

are needed in this regard.
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APPENDIX I

NATIONAL SECTORAL MODEL

‘The Haveman-K¢utilla model?” 15 a general model that
pemmit decmni;ositién of the rupee expenditure for a final
good into its detailed sectoral component and then to allo-
cate bhese components to the various original contributors
of the output in proporfion to the value of thelr contri-
bution. The contributions of labour, capital,land and govern-
ment to the final product are isolated by the occupational
or industrial sector of orivgin within each payment category.

- The model contains Z occupational categdries and
N industriesf Each industry produces a homogeneous output
by combining factor inputs with purchased inputs from other
: indusﬁries. In the model, all exchanged commodities and
services are measured in physical units and evaluated st |
base year prices. In the glossary for notation, capital
letters represent matrices and lower case letter represent
vectors. Matrix and vector dimensions are stated in parentheses
Notational Glossary:
~ f - Total cost of project construction

.u - row vector consisting all ones, of appropriate
dimensionali.ty.

¥ - column vector (NX1) of final demand for materials,
equipment and supplies regquired from each industry
as inputs into project construction.

t2 - column vector (2X1) of total on-site labour costs
for project construction, by occupational category.



Id

I~

fes

lw

B

=

i9¥

Contractor's profit and overhead and other project
costs not included in either on-slte labour cost
or expenditures for materials, equipment and

supplies;

column vector (NX1) of the gross output level of

each industry required by the final demand.
Square matrix (NXN) of input—ougpuéo-efficients
which define the source and quantity of 1nputs.
to éach industry per mpée worth of output from
that industry. |

Dlagonal matrix (NXN) of the total man=-year
labour requirements per rupee's worth of gross
cutput in each industry.

Column vector (NX1) of total man-year labour

- requlrements for each industry required by the

final demand.

Rectangular matrix (ZXN) contalning labour co-
efficlents which define the volume of man~year
6ccup ational requirements in each industry per
unit of man-year labour r'equirements in that
industry. o

Column vector (2X1) of total man. -year labour

requ:l.rementé for each occ_:upaticna:} category
required by the final de_mand, - o
Diagonal matrix (ZX2) of average annual wage and
salary income by occupational category.
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t'y - Column vector (ZX1) of total off-site labour

cost generated by the final demand by occupat-
ional category.

X - Diagonal matrix (NXN) of the gross output level

- of each industry requiréd by the final demand;

vector x transformed into a diagonal matrix.

e,¥Cs1sPyq ~ 8ix column vectors (NX1) of ratio of value

10

added components (respectively employee compen-
sation, net interest, capital consumption allo-
wances, lndirect business taxes, corporate profits
and proprietor and rental income) to gross output

by industry.

€15¥19¢1s119yP1,qq - Six column vectors (NX1) of value added

g (&

components (respectively, employee compensation,
net interest, capital consumption allowances,
indirect busginess taxes, corporate profits and
proprietor and rental income) generated by the
final demand by industry.

Rectangular matrix (Nx6) defined by (ggxyg,;,g,g)
Rectangular matrix (NX6) defined by

(e1y¥15¢151 1521501 « '

Column vector (ZX1) of the total off-site
empioyee compensation (adJusted)'generated by
final demand, by occupational category.

Column vector (ZX1) of total labour income gene-
rated in each occupational category,lby’project

construction. ' o
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The Model:

The total expenditure for project constructlon is
drvided into

(a) On-site employee compensation

* (b) Final expenditures for material, equipment‘and
supplies.

and (¢) contractors' profit, overhead and other project
costs not included in (a) and (b). ,
f = uty +uy + ¢ (1
The gross output of each industry generated by the
final demand is equal to the product of the final demand
for material, requirement and supplies by industry and the
inverse of the inter-industry technical co-efficient matrix.

.J£=(_I_"_@-1-_3f (2)

Total man-year labour requirements by industry (j)
are derived by applying the appropriate labour coefficlents(Eg)

to the gross output level (x) derived above i.e.,

J = E.x | (3

These man~year labour requirements are disaggregated
into detailed occupational categories by applying the appro-
priate occupational coefficients to the total industry
labour demands.

m =3 J ()

The occupational break-down of generated leabour

income is obtained by applying average annuai occuﬁational

wage and salary estimates to the occupational man-year labour
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requirements

t'y = W (9
‘The value of the value-added components generated
by the final demand for materials, equipment and supplies,
by industry, is the product of the gross 1ndustrial'outputs
and the appropriate rlatios of value~added components to’
gross output. |
D= X (6)

To cquate the estimates of total labour income obta-
ined through the occupational man-year procedure (equation5)
with the estimates of labour income obtalned through the
value added component procedure (equation 6), the occupa-
tional bregkdown obtained in equation 9 is adjusted by the
ratio of the total employee compensation figure secured in
equation 6 to the total wage and salary income figure gene-

rated through equation 5.

(G, &9 . ;.t.."l‘ (7

The total employee compensation generated by the
expenditure for project construction, by occupational cate-
gory, is the sum of the occupational dlstribution of off-site

and on-site employee compensation.
ta= L1+ %2

By definitional accounting identities, the value of
final expenditure is equal to the sum of the value-added

components which enter its production.
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uy = ueq + u¥q + ucq + ulq + upq + ugy (9

uy =utq + urg + ucq +ulq +upq + ugq (10

The sequential pattern of sectoral analysis pursued
formal model is as follows: '
Having secured as basic data the detailed final
demand and on-site labour vectors (equation 1), we
trace the gross indugtrial requirements generated
by the fingl material demand through the economy by

accounting for inter-industry demands imposed by

industries for each other.

Performed in equation 2 are the input out computation
and the gross output required from each of the N
industries to produce flnal demand.

Equations 3 end % translate these gross industrial
outputs into gross industrial man-year labour demands
and then decompose these industrial labour require-

ments into Z occupational categories.

In equations 5, 7, and 8, the of f~site labour costs
assoclated with the occupational demands secured in

equation 4 are estimated, adjusted and then added

"to the on-site occupational labour costs to yield
occupational breakdown of total labour costss

In equation 6, the remaining value added components
of the bill of final godds by industry are estimated
by applying sets of ratio of value-added components to

gross output to the data on gross output obtained in

equation 2.



The total project cost thus is allocated among the
value added components and then each of these components

is disaggregated into either occupational or industrial detail.

For the application of the model, a large number of

data computation is needed. The requirements are of 2 types:

(1) Data inputs peculiar to the final expenditure
which the model is to analyse. |

(2) pata inputs intrinsic to the model itself.

Under the former, we have
(1) Detailed final demands for material, equipment
and supply inputs (vector f).

(2) On-site employee compensation payments by occu=-
pational (vector ip)

Under the latter are: _
(1) Input-output coefficlents describing the inter-

relationship among industries in the economy
(matrix 4) | '

(2) The coefficlents describing the composition of
occupationé.l requilrements within each industry
(matrix B). '

(3) Thé coefficients relating the value-added compo~

nents to gross output for each industry (1«1atrix C .

Haveman & Keutilla have, in thelr novel presentation
analysed 47 projects of different natures in water resources

deveiopment. Primary expenditure data were generated in a
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standard industrial classification detalls. For data intrin-
sic to the model, the input-output coefficients (82 x 82)
evolved for 82 industries in U.S. has been utilised, based
on data from the office of Business Economics. The matrix
of occupational coefficients by industries had 156 occupa~
tions based on data of the Division of Occupational Employ-
ment Statistics of the Burean of Labour Statistics. This
illustrates the need for generation of similar statistics
for Indian conditions and updating it yearwise for a fruit-
ful and realistic analysis.

The values obtained need further adjustment to account

for unemployment and idle capacity. For further detalls in
57

this respect, the works of Haveman & Krutilla is referred to.
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