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ABSTRACT

Various types of uncertainties affect water resources investment planning. Three types

of these uncertainties a e analyzed in this study: (a) uncertainty of investment outcome,

(b) budgetary uncertainty/fluctuation , and (c) imprecision of input data. Implications of

other types of uncertainties, such as those related to socio-economic factors, are aggregated

into the uncertainty associated with investment outcome in order to provide the decision

makers (DM's) with aggregated information regarding certainty of outcome which is required

in making a final investment/funding decision.

Due to the limitations of existing stochastic programming techniques for handling prob-

lems of sequential decision making under both outcome and input budgetary uncertainty

as well as imprecision of input data, an integrated formulation of Stochastic Dynamic Pro-

gramming (SDP) ar'd Fuzzy Chance Constrained Integer Goal Programming (FCCIGP) is

proposed to assist the investment planning processes.

Time dependent budgetary uncertainty is incorporated in the SDP model through trans-

formation probabilities. Since the distribution of the probabilities which underly budgetary

uncertainty cannot be determined objectively, a subjective model consisting of a combination

of historical data as a basic rate, a functional relationship between inter-related components

within the SDP, subjective inputs elicited from an individual assessor or a group of assessors

using a collective opinion technique, and definitions of scenarios of future budget availabili-

ty, is applied to generate the transformation probabiüties. The level of development at the

beginning of a scheduling horizon (stage) and the level of funding actually received in the

previous scheduling horizon are the two state variables for the problem. The transformation

function changes the level of development existing at the beginning of the period to a new

level of development at the end of the scheduling horizon on the basis of the funds received for

development. The return is the economic benefit that accrues as a result of that increment

in development.

The return for each ievel of possible funding decision at each stage of the SDP in terms

of Net Present Value of Benef.t (NPVB) is obtained by the FCCIGP taking into account

goals and criteria preferences, the extent of the scheduling horizon considered in the SDP

model, and a range of critical confrdence limits on the Net Present Vaiue of Beneflts. The



optimal planning/funding decision in any scheduling horizon, and its expected optimal return

can then be identified for each combination of the level of development, the level of funding

existing from the previous period, and the confidence limit on NPVB. In addition to these

features, the Analytic Hierarchy Process is used to obtain the preferences toward uncertainties

inherent in budgetary and investment outcome from a group of DMs or a large number of

ASSESSOIS.

The uncertainty in investment outcome factor is handied within the approach by using

historical data, and a probabilistic economic anaiysis involving speciflc statistical procedures

consisting of the contingency index and first and second order moments approaches to de-

termine the dispersion of outcomes. The probabilistic description of the economic criterion

derived from this analysis is then incorporated into the FCCIGP formulation through chance

constraints. This process enables the DMs to identify "risky" projects and to allow the

preferences toward uncertainty to be taken into account directly in the decision processes.

Uncertainty arising from social factors inherent in the agricultural production and mar-

keting subsystems which control the rate of utilization of completed schemes but which cannot

be quantifled in monetary terms, is incorporated in the FCCIGP model through selection cri-

teria constraints. A scoring-criterion-based optimization is then performed using the modified

Partitioning Algorithm to select a combination of projects in hierarchial manner according

to criteria preferences.

The problems associated with imprecise setting of goals and targets, and imprecise spec-

ification of budget limits and preferences within the optimization model are handled by the

appJìcation offizzy set theory.

The procedure is demonstrated by application to the problem of water resources develop-

ment in Indonesia over a 25 year period consisting of five stages each of 5 years (equivalent to

"Repelitas"). This problem is characterized by the range of factors for which the procedure

is developed, namely, uncertainty (fluctuation), in spite of the planning decision made, in the

budget allocated to each scheduling horizon (stage), the major role of socio-economic factors

in affecting the rate at which projects reach full productive capacity, a range of objectives for

the water resources development itself, and significant uncertainty in the costs and benefits



accruing to each project. The results of the application of the model to the problem indi-

cate that the procedure is a very usefirl technique for addressing the range of uncertainties

inherent in many types of water resources planning activities.

tu



ACKNOWLEDGEMENT

I wouid like to express my deepest appreciation to Professors I. C. Goulter and C.

R" Bector, who provided much of their experience, valuable guidance, encouragement

and moral support throughout my study at the University of Manitoba and this thesis

preparation.

I would also like to acknowledge Professors D. Burn, S. Simonovic of ihe Civil

Engineering Department, Professor G. Chuchman of the Department of Economics,

Professor Richard N. Palmer of the Department of Civil Engineering the University of

Washington, Seattle, U.S.A. for their usefui suggestions and comments.

I am very grateful to Professor C. Booy, Mr. Radinal Moochtar, Minister of Ministry

of Public Works, Mr. Djauhari, and Mr. Habibbudin who provided the opportunity

for the financial support from CIDA and Ministry of Pubiic Works.

I am specially indebted to Professor E. Kuiper for his moral support during my

study at the University of Manitoba. Sincere thanks go to my colleagues in water

resources at Department of Civii Engineering and in the Indonesia Student Group for

their help and friendship.

Finally, my sincere thanks to my wife, Yani, and my five brothers, for their moral

support and encouragement, as well as my three daughters, Prety, Amanda and Dar-

nela, to make this work possible.

1V



CoffiÉesa6s

T,ist of Tables

List of Figures

1 INTRODUCTION

LITER,{TUR,E REVIE\M

2.I Planning

2.1.7 Planning Principles in Developed Countries

2.7.2 Planning Principles in Deveioping Countries

2.1.3 Planning Under Uncertainty . .

2.I.4 Economic fssues

2.1.5 Social lssues

2.2 Mathematical Programming

2.2.7 Investment Planning in Deterministic Form

2.2.2 Mathematical Programming for Portfolio Analysis

2.2.3 Multiobjective Planning and Investment . . .

2.2.4 Multiobjective Water Resources Planning

2.2.5 Investment Planning Model in Stochastic Form

2.2.6 Summary

xvtt

1

6

6

7

8

10

12

15

T7

19

19

27

25

28

36

3 STIIATEGTES FOIì APPILATSING UNCEIÌTAINTIES IN WATER-



().¿

3.4

3.5

R,ESOUR.CÐS PT,,&NNNNG 4L

3.1 General Planning 4I

3.1.1 Planning Definition +I

3.1.2 Planning Principles 42

3.1.3 Planning Phases

3.2 Planning Under Uncertainty . . .

3.2.7 Definition

3.2.2 Types and Sources of Risk and Uncertainty

3.2.3 Aggregated and Specific Risks for High Level Decision Making

3.2.4 Quantification of Risks and Uncertainties

Aggregated Uncertainty Inherent in NPVB Indicator

Social Aspect Uncertainty

Budgetary Uncertainty . . .

MODELS FOR. E{A,NDN,ING UNCEFUTAtrNTY TN XNVESTMENT

PT,ANNING

4.I Existing Measures of Uncertainty in Current Planning Practice

4.I.7 Inclusion of Uncertainty in Benefit-Cost Analysis

4.I.2 Strengths and Weaknesses of Existing Stochastic Models

4.I.3 Inclusion of Social Uncertainty in Existing Planning Practice .

4.2 Proposed Measures for Handling Uncertainty in Investment Planning

Practice

4.2.7 Aggregated and Specific Uncertainties

4.2.2 Requirements for the Proposed Model 75

4.2.3 Rationale for Model Choices 77

PROGRAMMTNG (SDP)

+3

46

46

49

50

51

52

53

57

59

59

59

62

77

72

72

STOCHASTIC ÐYNAMTC

5.1 Theoretical Background

B4

84

845.1.1 Rationale for Model Choice

VI



5.I.2 Characteristics of Planning Problems and the SDP Approach . . 86

5.2 Objective of the SDP Approach 89

5.3 Two-State Stochastic Dynamic Programmitrg . 90

5.4 Inclusion of Uncertainty in the SDP Model 94

5.4.7 Expected Stage Return

5.5 Optimal Total Return for the SDP Planning Model

5.6 Uncertain Parameters.

5.6.1 Quantification of Uncertain Parameters

5.7 The Transformation Probabilities

5.7.I Theoretical Background to Determination of The Transformation

Probabilities 106

5.7.2 Development of the Transformation Probabilities 107

5.7.3 Functional Relationship Between Inter-related Parameters 110

5.7"4 Definition of Scenario of Future Budget Availability . . . 111

5.7.5 Combined Subjective Model and Direct Assessment 1,74

5.7.6 Subjective Model with the Analytic Hierarchy Process (AHP) 115

5.7.7 Possibility Ratings of the Scenarios of Future Budget Availability

by the AHP Method I23

MUT,TIOtsJECTTVE "A.ND M{JT,TICR,TTER,T,A OPTTMIZATION 727

6.1 Multicriteria Aspect Related to Water Resources Planning Problems . I27

6.1.1 Selection Criteria I27

6.7.2 Scoring Prediction Model for Selection Criteria I34

6.2 Multiobjective Analysis . I47

6.3 Goal Programming Approach I44

6.3.1 Generation of Efficient Solutions from the GP Model I44

6.3.2 Integer Goal Programming 148

6.3.3 Scoring Criterion Based Optimization . 152

6.4 Chance Constrained Integer Goal Programming (CCIGP) 156

99

101

103

103

105

vtl



6.5

6.4.I Analysis of Aggregated

Overall Formulation of CCIGP

Uncertainties Inherent in NPVB CriterionlST

Model 170

b.f)

b./

6.5.i Budgetary Constraints

6.5.2 The Consequences of Imperfect Budgetary Information

6.5.3 The Goal and Criteria Constraints

6.5.4 The Managerial Constraints

6.5.5 ObjectiveFunction

Mathematical Formulation of CCIGP Model

Ftzzy Chance Constrained Integer Goal Programming (FCCIGP)

6.7.1, Frzzy Set Theory Derivation

6.7.2 Membership Function Estimation. .

Integration of the Multiobjective Optimization and the SDP Method

Into A Unified Model

7TI

r73

174

1.75

776

178

r82

183

188

6.8

198

1986.8.1 Objective of the Overall Approach

6.8.2 Communication of the Integrated SDP-FCCIGP Model 199

6.8.3 Additional Features of the Integrated FCCIGP-SDP Model . 199

6.9 Comparison with Other Models 205

6.9.1 Comparison with PROTRADE and STRANGE 205

APPT,NCATNON OF MOÐET, 2OB

7.1 Application to Water Resources Investment Planning Problem 208

7.7.I Description of Problem 208

7.7.2 Data and Assumptions for Model Application 270

7.2 Model Application 2I4

7.2.1, The SDP Appiication . 214

7.2.2 Integration of FCCIGP and SDP Model . . 220

7.3 Discussion of the Results 222

7.3.7 Probabilistic Analysis of NPVB 222

7.3.2 Discussion of the IGP, CCIGP, and FCCIGP Results 223

vl11



7.3.3 Important Features of CCIGP and FCCIGP Models 228

7.3.4 Discussion of FCCIGP-SDP Results 242

Evaluation of the Model 257

7.4.I Strengths and Weaknesses of the Models 257

7.4.2 Comparison with Target Motad and IGP model 263

Comparison with Current Planning Decision Practice 265

S{JMMARY AND CONCtr,TJSTON 269

8.1 Important Features of the SDP Model " . 272

8.2 Important Features of the FCCIGP Model 273

8.3 Summary of the Results of the Demonstration of the SDP-FCCIGP Model277

8.3.1 The Results of the SDP model . . . 277

8.3.2 The Results of the FCCIGP Model 278

8.4 Conclusion 280

8.5 Recommendation for Future Work 283

Á. Results of Application of the Xntegrated Model for 'XMater R.esources

Investment Flanning in Indonesia 299

(.4

/.¡)

IX



ä,ås6 ofl ?'æbles

4.1 Evaluation of Existing Stochastic Programming and Proposed Model for Prob-

lem Characteristics Under Consideration .

5.1 Example of The Functional Relationship for Generating Transformation Prob-

abilities 109

5.2 Comparison of Transformation Probabilties Generated by the Direct Assess-

ment and the AHP Method for the Three Scenarios of Future Budget Avail-

ability 116

5.3 The Pairwise Comparison Scaie for Generating Transformation Probabilities . II7

5.4 Comparison of Criteria for Demonstration of AHP Method for Possibility Rat-

ings of Sectoral Budget Allocation for the Example Problem in Figure 5.5 . . 124

5.5 Comparisons of ALternatives with Respect to Criteria for Demonstration of

AHP Method for Possibility Ratings of Sectoral Budget A-llocation for the'

Example Problem in Figure 5.5 . . 725

5.6 Composite Priorities for Demonstration of AHP Method for Possibility Ratings

of Sectoral Budget Allocationfor Example Problem in Figure 5.5 726

6.1

6.2

6.3

Example of Scoring List for Physical Potential and Environmental Criteria

Example of Scoring List for AgricuJ.tural Production and Marketing Criteria .

Example of the Cost Escalation Coefrcients

135

136

174



6.4 Appropriate Objective Function Terms in GoaJ. Programming 777

6.5 The Pairwise Comparison Scale 191

6.6 Example Assessment of the Degree of Confidence Limits for Demonstration

Problem 193

6.7 Example Membership Grade for Various Confidence Limits for Demonstration

Problem 195

7.! Historical Data Planned and Actual Funding ReaJ.ization for Irrigation Devel-

opment in Indonesia During the Last Seventeen Years 2I7

7.2 Summary of the Probabilistic Information of NPVB Criterion for The Projects

UnderConsiderationatStagel... 272

T.g Frequency Distribution for Level of Deviation Between Fund-ing Decision and

ActuaL Funding Realisation for Irrigation Development During the Last Sev-

enteen Years 215

7.4 The Likeühood of Scenario of Future Budget Availability According The AHP

Approach 277

7.5 Comparison of The Results of IGP, CCIGP and FCCIGP Model for Level of

the Possibie Funding Allocation B?], When Preference is Given to NPVB . ' 224

7.6 Projects Selected by FCCIGP Under Various Membership Grade of NPVB for

the Possible Funding Allocation BTI ald Mean Confidence Limit on NPVB . 238

7.7 Projects Selected by FCCIGP Under Various Membership Grades of Confi-

dence Limits on NPVB and 'Crisp' CCIGP Under Various Confidence Limits

for the Possible Funding Allocation BTI . 240

7.8 Relative Frequency of Optimal Funding Decision for Each Stage and Each Case'

With Their Associated Goal Attainment for Mean Conf.dence Limit on NPVB

and Membership Grade of Confidence Limit on NPVB, ÀM"on:7 243

7.9 Distribution of Optimal Fund.ing Decision DI,;,* With Respect to the State

Combination of Level of Development and Level of Previous Funding Li for

Und.etermined Budget Scenario and Mean Confidence Limit on NPVB with

Membership Grade of Conf.dence Limit on NPVB, ÀM"on=I 245

xt



7.10 Comparison of IGP, FCCIGP and Target MOTAD for Possible Funding Deci-

sion/A-llocationDlatstaget=1. 264

7.11 Comparison Between Projects Selected by FCCIGP and Current Planning

Decision Practice 267

4.1 Physicai Potential Scoring Data of the Completed Irrigation Projects to De-

termine the Regression Parameters of the Scoring Pred-iction Model for the

Physical PotentiaJ- and Environmental Criteria of the Proposed Projects 300

A..2 Agricultural Production Scoring Data of the Completed Irrigation Projects to

Determine the Regression Parameters of the Scoring Pred,iction Model for the

Agricultural Production Factors Related to the Farmer Readiness Criteria of

the Proposed Projects 301

4.3 Score of Selection Criteria (PPE, ERF, and FRD) and Number of Transmi-

grant and Irrigation Area for Each Potential Project on Stage 1 . . . 302

A.4 Score of Selection Criteria (PPE, ERF, and FRD) and Number of Transmi-

grant and Irrigation Area for Each Potential Project on Stage 2 . . . 303

4.5 Score of Selection Criteria (PPE, ERF, and FRD) and Number of Transmi-

grant and Irrigation Area for Each Potential Project on Stage 3 . . . 304

4.6 Score of Selection Criteria (PPE, ERF, and FRD) and Number of Transmi-

grant and Irrigation Area for Each Potential Project on stage 4 . . . 305

.L.7 Score of Selection Criteria (PPE, ERF, and FRD) and Number of Transmi-

grant and Irrigation Area for Each Potential Project on Stage 5 . . . 306

4.8 Benefit and Cost Data of the Completed. Irrigation Projects Located in Devel-

oped. Regions In Java for Determining the Contingency Index of the Proposed'

Projects 307

A.g Benefit and Cost Data of the Completed Irrigation Projects Located in Devel-

oped Regions Off Java for Determining the Contingency Index of the Proposed

Projects 308

4.10 Benefit and Cost Data of the Completed Irrigation Projects Located in Un-

derdeveloped Regions Off Java for Determining the Contingency Index of the

Proposed Projects 309

xlr



.4..11 Summary of the Probabilistic Information of NPVB Criterion for the Potential

ProjectsatStage2... 310

.{.12 Summary of the Probabiljstic Information of NPVB Criterion for the Potential

ProjectsatStage3... 311

,{.13 Summary of the Probabilistic Information of NPVB Criterion for the Potential

ProjectsatStage4... 312

,A..14 Summary of the Probabilistic Information of NPVB Criterion for the Potential

ProjectsatStageS... 313

.A.15 Transformation Probabilities of SDP Model for Scenario 1 (Limited Budget) . 374

.A..16 Transformation Probabilities of SDP Model for Scenario 2 (Non-Limited Budget)315

,A'.17 Transformation Probabilities of SDP Model for Scenario 3 (Undetermined Bud-

get) 316

A.L8 Results of the Calcu-lation of Each Step of the AHP Method for the Determi-

nation of the Likelihood of Future Budget Availabiüty 377

4.19 Projects Selected At Stage t : 7 by the IGP and PIGP Model Under The

Various Cases of Muitiobjective Analysis for the Possible Funding Decision

/AJlocation DIIBTÏ 32I

4.20 Projects Selected At Stage ú : 1 by the FCCIGP Under the Three Confidence

Limits on NPVB for the Five Levels of Possible Funding Allocation BTI - Bff
and with the Associated Membership Grade on NPVB 322

4.21 Projects Selected At Stage t:2by the FCCIGP Under the Three Confidence

Limits on NPVB for the Five Levels of Possible Funding A-llocation BT; - Bfl
andwiththeAssociatedMembershipGradeonNPVB

4.22 Projects Selected At Stage f : 3 by the FCCIGP Under the Three Confidence

Limits on NPVB for the Five Levels of Possible Funding Allocation Bf¿ - Bfå

and with the Associated Membership Grade on NPVB 324

4.23 Projects Selected At Stage t:4by the FCCIGP Under the Three Confidence

Limits on NPVB for the Five Levels of Possible Funding A-llocation BTI - BfÍ
and with the Associated Membership Grade on NPVB 325

XIII



4.24 Projects Selected At Stage f : 5 by the FCCIGP Under the Three Confidence

Limits on NPVB for the Five Levels of Possible Funding Allocation Bfl - BT:

and with the Associated Membership Grade on NPVB 326

4.25 Projects Selected At Stage ú = 1 By the FCCIGP Under the Three Confidence

Limits on NPVB for Various Goal Preferences, the Possibie Funding Decision

/Allocation D+lBr+ and Membership Grade of Budgetary constraint (À): 7 327

4.26 Projects Selected At Stage ¿ = 1 By the FCCIGP Under the Three Confldence

Limits on NPVB for Various Compromise GoaJ Preferences, the Funding De-

cision/AìIocation D+lBfl and lvlembership Grade of Budgetary Constraint

(À): 1

A.27Input Data for AII Cases of the SDP Resulting from the FCCIGP At Mean

confidence Limit of the NPVB Criterion for stage 1 of the sDP 329

4.28 Input Data for A1l Cases of the SDP Resulting from the FCCIGP At Lower

confldence Limit of the NPVB Criterion for stage 1 of the sDP 330

4.29 Input Data for All Cases of the SDP Resulting from the FCCIGP At Upper

confidence Limit of the NPVB Criterion for stage 1 of the sDP 331

A.30Input Data for All Cases of the SDP Resulting from the FCCIGP At Mean

confidence Limit of the NPVB Criterion for stage 2 of the sDP 332

4.31 Input Data for All Cases of the SDP Resulting from the FCCIGP At Lower

confidence Limit of the NPVB Criterion for stage 2 of the sDP 333

A.32Input Data for All Cases of the SDP Resulting from the FCCIGP At Upper

confidence Limit of the NPVB criterion for stage 2 of the sDP 334

A.33Input Data for All Cases of the SDP Resulting from the FCCIGP At Mean.

confidence Limit of the NPVB Criterion for stage 3 of the sDP 335

A.34Input Data for All Cases of the SDP Resulting from the FCCIGP At Lower

confidence Limit of the NPVB Criterion for stage 3 of the sDP 336

4.35 Input Data for A-11 Cases of the SDP Resulting from the FCCIGP At Upper

confidence Limit of the NPVB Criterion for stage 3 of the sDP 337

A.36Input Data for All Cases of the SDP Resulting from the FCCIGP At Mean

confidence Limit of the NPVB Criterion for stage 4 of the sDP 338

xtv



A.37Input Data for All Cases of the SDP Resulting from the FCCIGP At Lower

Confidence Limit of the NPVB Criterion for Stage 4 of the SDP

A.38Input Data for All Cases of the SDP Resulting from the FCCIGP At Upper

Confidence Limit of the NPVB Criterion for Stage 4 of the SDP

A.39Input Data for All Cases of the SDP Resulting from the FCCIGP At Mean

Confidence Limit of the NPVB Criterion for Stage 5 of the SDP

A.40Inpui Data for A-11 Cases of the SDP Resulting from the FCCIGP At Lower

Confidence Limit of the NPVB Criterion for Stage 5 of the SDP

4.41 Input Data for All Cases of the SDP Resulting from the FCCIGP At Upper

Confidence Limit of the NPVB Criterion for Stage 5 of the SDP

4.42 Relative Frequency of Optimal Funding Decision for Each Stage and Each Case

with Their Associated Goal Attainment for Upper Confidence Limit on NPVB

and Membership Grade of Confidence Limit on NPVB Àuoo", = 0.083

4.43 Relative Frequency of Optimal Funding Decision for Each Stage and Each Case

with Their Associated Goal Attainment for Lower Confidence Limit on NPVB

\Lo-", = 0'085

4.44 Distribution of Optimal Funding Decision DI,i,,n with Respect to the State

Combination of Level of Developm ent, Li'* V t, i, r¿ for Und.etermined Budget

Scenario and Lower Confidence Limit on NPVB with Membership Grade of

Confidence Limit on NPVB, Àtro."':0.085

4.45 Distribution of Optimai Funding Decision Di,;,* with Respect to the State

Combination of Level of Developm erLt,, Li'* V t, i, r¿ for Undetermined Bud.get

Scenario and Upper Confidence Limit on NPVB with Membership Grade of-

Confidence Limit on NPVB, À¿o-"':0.083

4.46 Distribution of Optimal Funding Decision DT,¿,^ with Respect to the State

Combination of Levei of Developm ent, Li'^ V t, i, m for Non-Limited Budget

Scenario and Mean Confidence Limit on NPVB with Membership Grade of

Confi.dence Limit on NPVB, À¡1"on--!.0

339

340

347

342

t Àt

345

346

347

348



4.47 Distribution of Optimal Funding Decision Di,;,*

Combination of Level of Development, L"r'^ V t, i,

Scenario and Upper Confidence Limit on NPVB

Combination of Level of Development, LI'^ V t,

Scenario and Upper Confidence Limit on NPVB

with Respect to the State

rn fot Non-Limited Budget

with Membership Grade of

Confi.dence Limit on NPVB, Àr/ppu':0.083

4.48 Distribution of Optimal Funding Decision Di,;,* with Respect to the State

Combination of Level of Developm erLt, Li'^ V t, i, m f.or Non-Limited Bud.get

Scenario and Lower Confidence Limit on NPVB with Membership Grade of

Confrdence Limit on NPVB, Àypp"'=0.085

4.49 Distribution of Optimal Fnnding Decision DI,;,* with Respect to the State

Combination of Level of Development, Li'* V t, i, m for Limited Budget

Scenario and Mean Confidence Limit on NPVB with Membership Grade of

Confidence Limit on NPVB, À¡¿"o.=1.000

4.50 Distribution of Optimal Funding Decision Di,;,," with Respect to the State

i, m for Limited Budget

with Membership Grade of

Confidence Limit on NPVB, Àyoo"'=0.083

4.51 Distribution of Optimal Funding Decision Di,;,* with Respect to the State

Combination of Level of Development, L'r'* V t, i, rn for Limited Budget

Scenario and Lower Conf.dence Limit on NPVB with Membership Grade of

Confidence Limit on NPVB, Àtro."'=0.085

4.52 Comparison of Project Portfolio Selected by the FCCIGP for 1{7 ( 5 and

NT < 10 Years at Stage f = 1 Under the Various Levels of Possible F\rnding

Decision D] to Dl for Lower Confidence Limit on NPVB with Membership.

Grade of Confldence Limii on NPVB, À¿o-,'=0.085

349

350

351

352

354

xvl



K,asê æfl F ågritres

3.1 Nine-Steps of Water Resources Planning 47

5.1 Annual Budget Allocation for Water Resources Development in Indone-

sia for the Last Twenty Years 91

5.2 Schematic of the SDP Formuiation for Investment Planning 95

5.3 Depiction of the Two-State Transformations of the SDP for Investment

Planning 97

5.4 Schematic of Subjective Probabilities Assignments According to a Three

Scenarios Future Budget Availability 1i3

5.5 Hierarchy of Sectoral Budget Aliocation for Demonstration of AHP

Method for Possibility Ratings of Sectoral Budget Allocation 724

6.1 Diagram for Development of Socio-Technical Selection Criteria 140

6.2 Non-efficient GP Solutions I45

6.3 Example Graphical Representation of Multiobjective Analysis for a

Project with Transmigration Implications . . ' .' 146

6.4 Diagram of Procedure for Generating a Non-dominated Solution in GP 749

6.5 Diagram of Procedure of Partitioning Algorithm for Scoring -Criterion-

Based-Optimization 155

6.6 A Diagram of Procedure for Probabilistic Analysis of NPVB 168

6.7 Example Membership Grades of Various Levels of Confi.dence Limit on

NPVB for Various Comparison Scales for the Demonstration Problem . 196

xvtt



6.8 Example Relationship Between the Degree of Actuai Constraint Viola-

tion of the NPVB Goal Constraint and Confidence Limits for the Demon-

stration Problem 197

6.9 Diagram of Integrated FCCIGP-SDP Model 200

6.10 Decision Tree for Potentiai Project Interruption 204

7.1 Hierarchy for Scenario of Future Budget Availability . . . 217

7 -2 Trade-off Between NPVB Vs. Confidence Limit Vs. iAD for the Five

Levels of Possible Funding Allocation BT] to Bff When Preference is

Given to the NPVB Criterion 230

7 -3 Trade-off Between NPVB Vs. Confi.dence Limit Vs. TS for the Five

Levels of Possible Funding Allocation BTI to B7r5 When Preference is

Given to the NPVB Criterion 231

7.4 Trade-off Between NPVB Vs. Confi.dence Limit Vs. iAD for the Five

Levels of Possible Funding Allocation BT] to B?r5 When Preference is

Given to IAD Goal 233

7.5 Trade-off Between NPVB Vs. Confrdence Limit Vs. TS for the Five

Levels of Possible Funding Allocaiion BT| to B?ts When Preference is

Given to TS Goal . 233

7.6 Trade-off Between NPVB Vs. IAD for the Three Critical Levels of Con-

fidence Limit of NPVB When Preference is Given to Both Objectives 234

7.7 Trade-off Between NPVB Vs. TS for the Three Critical Levels of Con- 
.

fidence Limit of NPVB When Prefe¡ence is Given to Both Objectives 235

7.8 Relationship Between Membership Grade of Target Goals, Goal Achieve-

ment and Prespecified Goal Tolerance . 239

7.9 Relationship Between NPVB, Membership Grade of Confidence Limit

on NPVB and Confidence Limits on NPVB 247

xvtlr



7.10 Relationship Between Membership Grade of Selection Criteria, NPVB

Goal Achievement when Preferences are Given to Sociotechnicai Selec-

tion Criteria for Case G 247

7.11 Relationship Between Relative Frequency of Possible Funding Decision

and Membership Grade of Budgetary Constraint for the Three Future

Budget Availability Scenarios 248

7.72 Cornparison of Relative Frequency Between SDP Results vs. Historical

Planned and Historical Actual Funding for the Three Scenarios of Future

Budget Availability and Three Criiical Confidence Limits 250

7.13 Comparison of Relative Frequency Between the SDP Results From Both

Direct Assessment (DA) and AHP Vs. the Historical Planned and His-

torical Actual Funding for the Scenarios of Future Budget Avaiiability

at Mean Confidence Limit on NPVB 252

7.14 Relationship Between Total Expected Net Benefit vs. Scheduling Hori-

zon for Undetermined Budget Scenario and the Three Critical Confi-

dence Limit of NPVB with the Associated Membership Grades of Con-

fidence Limit on NPVB 254

7.15 Relationship Between NPVB vs. Scheduling Horizon (ff?) for the Three

Critical Levels of Confidence Limit of NPVB with the Associated Con-

fldence Limit on NPVB 255

7.16 Trade-off Between Interrupted Pian vs. Non-interrupted Plan for the

Three Criiical Confidence Limits of NPVB with the Associated Mem-'

bership Grade on Confi.dence Limit on NPVB and Various Scheduling

Horizons 256

xtx



C&aæp&er k

gNß'ffi.&ffiq.lüg'g&ru

The objectives of water resources development can be characterized as National Economic

Development (NED), Regional Bconomic Development (RED), Other Social Effects (OSE),

and increasingly, Bnvironmental Quality (EQ) (Goodman, i984). No matter which objec-

tive is the primary goal, effective long term development requires careful planning to ensure

that benefits and costs are correctly evaluated, social and evironmental issues are properly

addressed and that the projects themselves are "completed". In many cases, particularly in

developing countries, the uncertainty in future budget allocations, and priorities for develop-

ment, may cause substantial uncertainty in: 1) the budget available for future development

activities, 2) whether these budgets will match those anticipated in the planning exercise,

and 3) whether the budgets that are allocated are in fact sufrcient to complete the projects

in the expected time or, in the worst case, for the project to be completed at ali (an example

of 'not-completed' projects is given in Chapter 3). In addition to this budgetary uncertainty,

water resources investment planning is subject to various other types of uncertainties such as:

uncertainties in socio-economic inputs and outcomes, uncertainties arising from variations in

the natural environment and general imprecision of input data. These types of uncertainties

affect prediction of investment outcomes generally by overestimating benefits and underesti-

mating costs.

Such uncertain investment outcomes may cause non-optimal investment planning deci-

sions. Non-optimal investment planning decisions for water resources may cause economic

7



Iosses andf or adverse social and political effects in the economy of any nation. The problems

related to adverse socio-economic and political impacts arising from non-optimal planning

are especially relevant in developing countries. To select policies that consider NED, RED,

OSE and EQ goals, water resources investment planning should explicitly consider the vari-

ous uncertainties inherent in the development processes. This research is directed toward the

development of a formal model for multiobjective water resources investment planning with

recognition of some of those uncertainties. More specifically, the following two objectives are

addressed by this study:

1. To identify speciflc sources and types of uncertainty relevant to water resources plan-

ning and to examine their influence on the results and process of planning and imple-

mentation of water resources development.

2" To provide a planning framework, or more speciflcaliy a multiobjective portfolio in-

vestment model, which is able to satisfy various goal and criteria preferences and to

recognize and minimize the implications of uncertainties. Such a model should be able

to develop investment decision policies for selection and scheduling of combinations of

projects for implementation under a range of budgetary and socio-economic uncertainty

and imprecision of input data.

Water resources investment planning are performed in an uncertain environment. Current

water resources investment planning in Indonesia illutrates this fact. Hundreds of medium

and large scale irrigation projects have been rescheduled, and some even have been post-

poned, due to year-to-year budgetary fluctuations originating from fluctuations of the world

oil price during the last twenty years (Sutardi et al. , 1991a). In addition to this prob-

lem, uncertainty inherent in the investment outcome has also caused problems. Examination

and evaluation of economic performance of completed irrigation schemes reveal that most of

project benefits have been overestimated due to insufficient information on the complex inter-

related socio-economic factors and to a lesser extent the randomness of natural phenomena.

The importance of social-technical and political factors, which underlie the agricultural pro-

duction and marketing subsystems, to the success of completed irrigation schemes is further

indicated by the fact that many hundreds of thousands of hectares of completed irrigation



facilities have not been utilized to the maximum potential level because of the inability of

existing approaches to recognize those social responses which control the rate of utilization

of these schemes.

The nature of the problems illustrated above suggests that any approach proposed to

address the investment planning problem shouid integrate both mathematical and subjective

models within a structured framework to enable both quantitative and qualitative parameters

to be formulated in a manner that that reflects the real world problems as adequately as

possible.

Anderson (1977) and Dempster (1980) have reported on the application of stochastic

modelling approaches such as chance-constrained, two stage linear programming, stochastic

linear programming, decision trees, discrete stochastic programming, decision making analysis

and focus loss constrained programming, for handüng the inherent problem of uncertainty of

outcome in private or public investment. However these approaches were only examined in

terms of single objectives. More recently, Davis et al. (1987) and Brlenkotter et al. (1989)

proposed general mathematical models for determining the timing for initiating a project

under uncertain future demands. However, these models are limited only to dealìng with the

timing problems arising from uncertain future demands. Furthermore, the practicality of such

approaches, including the more recent multiobjective stochastic programming approaches,

e.g., PROTRADE (Goicoechea, 1979) and STRANGE (Teghem et ai., 1986), for handìing

the types of uncertainty inherent in the problem under consideration in this study, i.e.,

budgetary uncertainty (externally imposed uncertainty), investment outcome uncertainty

(external risks), and imprecise input data (finzy environment), simultaneously appears to be

very limited. These limitations include: i) the approaches (with exception of STRANGE).

are designed only to handle those types of uncertainty in which the uncertain parameters

can be defined statistically, 2) they do not provide a means of easily incorporating collective

opinion techniques which are required for public investment problems in which some of the

decisions have to be determined by a political process in which a large number of assessors

may participate, and 3) there is no consideration for handling the problems of imprecision in

the input specifrcations.

Two issues of investment planning, namely sequential decision making and the flexibiüty



aspect a e addressed in the model proposed in this thesis. The first issue is sequential

decision making. Planning problems tend to be sequential decision making problems by

nature, characterized by a situation in which decisions can be influenced both by earlier

decisions and by outcomes of the stochastic parameters whose values become known to the

decision maker after the earlier decisions have been taken. In this thesis, the stochastic

parameter addressed in the model is the level of budget actually available for investment in

each scheduling horizon, which is generally never exactly known in advance and is subject to

uncertainty due to fluctuations of levels of budget available for investment originating from

uncertain socio-economic and political factors. The funding decision itself has to be selected

by the model is the 'optimal' funding decision/poJicy from among the complete range of

possible funding decisions with their associated 'optimal' multiobjective project portfolios to

be implemented with those funding levels. The use of the term 'optimal' associated with

the most desired investment decisions has two meanings. The first meaning relates to the

fact that such investment decisions have to recognize the possibility that actual funding

is significantly different (normally less than) from anticipated. This concern is to reduce

the possibility of project delays, reschedu[ng, postponement, and even cancellation due to

budgetary fluctuations. The second meaning is to obtain the multiobjective portfolio of

projects that yields the satisfrcing úreturn'with respect to the preferred objectives and criteria

of a DM or group of DM's.

The second issue, namely that of flexibility in planning, refers to the fact that the compo-

nent of the system, e.g., the scale of the system, can be adjusted in accordance with changing

conditions. This consideration indicates that flexibility is a capability which can be employed

in the planning process to ensure that uncertainties regarding the future can be reasonably

anticipated and handled appropriately. Two aspects of flexibility in planning are required

to operationabze this 'flexible' plan, i.e., staged deaeloprnent and trade-offs between ølter-

natiues. Staged development addresses such questions as which part of the plan should be

implemented immediately, what portions are to be staged for future consideration, and when

they might be constructed under various scenarios of future budget availability. Trade-offs

between alternatives which take into consideration this budgetary uncertainty problem, e.g.,

goal achievements vs. confidence limit on the preferred goal, shorter vs. longer scheduling



horizon are often required.

To date there has been no attempt reported in the literature to incorporate the uncertainty

of funding availability due to budgetary fluctuations, the uncertainty of investment outcome,

and the imprecision of input speciflcations simultaneously in a multiobjective-multicriteria

portfolio approach to water resources investment planning. This thesis reports on a new

approach and an effective framework for rational interpretation of these uncertainties and

their inclusion in the planning process by integrating two optimization techniques. The two

optimization techniques used in the approach are:

t. Stochastic Dynamic Programming (SDP) to determine the optimal investment planning

decisions in an environment characterized by uncertain budgetary fluctuation in each

scheduling horizon (stage) within a given planning horizon, and

Fuzzy Chance Constrained Integer Goal Programming (FCCIGP) to determine the

return for each level of possible funding decision through selecting, scheduling, and

budgeting the projects considered in each scheduling horizon (stage) of the SDP model

under an environment of multiobjective-multicriteria decision making for economic and

social objectives but with the added complexity of explicit consideration of uncertain

economic (net benefit) and social outcomes, and imprecision in the speciflcation of

parameters of input data.

Chapter 2 of this thesis gives a more detailed review of the literature on planning and pol-

icy issues for water resources and on mathematical programming for investment analysis as it

relates to uncertainty and multiobjective analysis. Chapter 3 discusses strategies for apprais-

ing various types of uncertainties in water resources planning. Chapter 4 highlights existing

measures for handling uncertainty in current planning practice and outlines the proposed

measures for handüng problems similar to those in this study. Chapters 5 and 6 describe

the theoretical background and formulation of the proposed approach. The application of

the integrated model for problems of water resources investment planning in Indonesia, and

subsequently the evaluation of the proposed model in terms of its strengths and weaknesses,

are presented in Chapter 7. Finally the summary and conclusions of the study are given in

Chapter 8.
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Characterization of uncertainty in the Literature fall into two basic categories. The first type

is prirnariiy concerned with the broad issues of water resourc.es planning inclucling general

planning, long terur planning, muitiobjective planning , Benefit-Cost analysis, inclusion ancl

treatment of uncertainty in the planning process, and socio-economic policy issues inciucling

socio-political and environrnental objectives. The second type is primarily concernecl with

tlie application of rnathematical prograrnrring in its deterrninistic and stochastic forrns to

appraise private and public investrnents, especially in water resources projects, taking into

account rnultiobjective issues and socio-econornic uncertainties in a broacler sense.

2.L Flanning

Water resources planning activities consist of the general ploc.ess ancl the cletailecl rnethocl-

ologies that are usecl in planning of projects related to water ancl land ïesouïces. Planning

activities include the identification, forrnulation, and analysis of projects; they also inclucle

subsequent phases of project irnpletrentation, such as design, construction, and operation.

Over the past 50 years, water resources planning rnethods have evolvecl from relatively

straightforwarcl approaches to a cornplex procedure (Goochnan, 1984). Planning now is mor.e

broacily based. Instead of a historical emphasis on a single project to rneet a specific clefinecl

requirernent, all needs and opportunities for water resouïces development of a region or



a livel'basin are now considered. Many projects are planned for rnore than one purpose

and objective, ancl may include both structural and non-stluctulal lneasures ((ìoocl¡ran,

1984)' I{ence, frorn engineering ancl econornic viewpoints, the planning of water resource

projects is now a multiunit, multipurpose, multiobjective,'regional-context'probleu ancl to

a lalge degree involves consideration of uncertainty in tenns of buclget avaiiabiüty ancl future

deuantls on the Ìesources. Major changes have also resultecl frorn the inclusion of non-

traclitional areas of consicleration that are not quantifiable in a traclitional engineering sense.

These non-traditional areas cover such topics as regionai, socio-political , environrnental

issues. This evolution has resultecl in a more sophisticated approach ancl now involves systeus

analysis, operations research and computer rnoclelling. However, in spite these clevelopments

relatively little has been reported on the inclusion of non-traditional uncertainties relatecl

to such factors as buclgetary availability, variations from expectecl benefits ancl costs, ancl

socio-economic implications on project outcome.

This section reviews the various types of planning procedures which appear in the liter-

ature. hiclusion and treatment of uncertainty and social objectives in the planning process

are also reviewed. Other problems related to some critical issues in the Benefit-Cost analysis

procedure are included in this section.

2.L.L Flanning Principles in Tleveloped Countries

It has been recognized that planning procedures in developecl countries, e.g., Unitecl States

are evolving to accomodate dynamic changes in society's needs. In particular, rnuitiobjective

planning and, to a lesser extent, inclusion of uncertainty in the planning process has receivecl

increasingly greater attention in recent years in developed countries. An exec.utive agency,

the U.S. Water Resources Council (WRC), was establishecl in 1965. In 1g73, this agency

issuecl a set of "Plinc.iples and Standards for Planning Water and Relatecl Lancl Resources".

In the various revisions of "Principles ancl Standard for PÌanning Water and Relatecl Lancl

Resoutces," in 1973, 1979 and i9B0 and again in 1983, the decision criteria were broaclenecl

beyond the narrow concepts of econouric efficiency to take into account other issues such as

ecluity, risk, redistribution of national wealth, environmental quality ancl social weifare all of

whic.h at'e now considered as having irnportance close to that of econornic efficiency. Concern



about uncertainty is explicitly stated in the last guiclelines as foijows:

"The assessment of ¡isk and uncertainty in project evaluation shoulcl be reportecl ancl

displayecl in a manner that makes clear to the decision make¡ the types ancl clegrees

of risk ancl uncertainty believed to characterize the benefit ancl cost of the alter.native

pÌans consiclerecl"(The "Principles ancl Ciuiclelines" of the U.S. Water Resources (jounc.il

(1983), p 17).

General planning plocedures that rnight be appliecl to water resources planning problerns

have been addressed by Hall (1969) who offers a generalizecl systerns engineering planning

frameworh , nar rely: a) defining the problern; b) setting objectives ancl cleveloping alterna-

tives; c) rnoclelling alternatives; d) evaluating the alternatives; e) selecting an alternative; f)
planning for implernentation. This frameworl< cleariy defines a role of svsterns analysis i¡
a way that rnight be applicable for a range of fielcls and clisc.iplines besicles water ïesources

planning.

Concerns about changes in water resoulces planning in the llnitecl States frorn a ljmitecl

purpose engineering function into a complex rnultiobjective process and the irnplications

of this change have also been acldressed by Johnson (1972). Johnson (IgT2) utilizecl the

Delphi method to identify ancl assess the iuplication of potential changes in social values

and priorities that may frame and define water ïesources requirernents of the future. These

changes have the potential to introduce a range of new variations of uncertainties which are

different frorn the typical engineeïing uncertainties associatecl with clesign of physical works.

2.1'.2 Planning Principles in Ðeveloping countries

IJnitecl Nations Industrial Developurent Organization (UNIDO) (Dasgupta et al., 1g72) has

issued guidelines for project evalution in developing countries that take into account the

following objectives: 1) aggregate consumption; 2) incorre clistribution; 3) growtli rates of

national income; 4) ernployment level; 5) self reliance and 6) uerit wants. It shoutcl be notecl

that in developing countries such as Indonesia, goals (rather than resources) are the orienting

factor in generating initiatives airned at achieving specifiecl encls. Wateï ïesoulces clevelop-

ûrent is very often a part, rather than an objective, of these initiatives. Cornprehensive ancl



explicii inclusion of uncertainty in terrns of buclget and uncertainty of outcorne of investnlen-

t has not traclitionally been adclressecl in the investrnent planning proceclure ancl clecision

rnaking ploc.ess.

Wiener (1972) describes and analyses approaches to regional and national water clevel-

oprnent in the context of long terrn planning in developing countries. Wiener (1972) algues

that the goal oriented approach is preferable for developing countries in which socio-economic.

objectives forrn the rnain emphasis for the welfare of society. On the other hand a lesouÌces

orientecl approach rnight be suitable for cleveloped countries in which economic. objec.tives

are the rnain emphasis. In relation to tiris study, Wiener's statements provides justification

for the use of Goal Programrning (GP) approach as a basis of optimization proceciure. The

use of GP approach enables the DMs/analysts to explore the relationship between resouïces

capacities and goals/targets attainment explicitly.

A broad water resources planning approach going beyond econornic objectives has also

been discussed by David (1975). That study identifies four main components of river basin

developrnent: 1) socio-econornic developrnent; 2) socio-econornic needs developrnent; 3) re-

sollr'ces needecl for river basin developrnent ancl 4) engineering ac.tivities. It is then arguecl

that the evaluation of alternative deveioprnent policies and strategies based on these colllpo-

nents and a satisfactory solution can be attained by a combination of optirnization techniques

and rnathernatical models. The comprehensive planning which is inherent in this approach

and which is also considered as a part of the systems analysis approach, should therefore

simultaneously cover technical, ec.onomic., social, legal and adrninistrative aspects including

the pro'blern of uncertainties. However there is no discussion in that papel regarciing the

types of uncertainties that should be addressecl in the investment planning pïocess.

In line with the suggestion of David (1975) that systerns analysis be used in water re-

sources planning, Simonovic (1989) dernonstrates application of water resoulces system to

the formulation of a water master plan in a developing country. The four step planning

procedure in Simonovic's work includes: i) evaluation of the available water resources, ii)

estiuation of the water demands, iii) generation of technical alternatives for satisfying water

demancls frorn available water' l'esourc.es, and iv) ranking of the alternative solutions in accor-

dance witli a prespecilied set of objectives. Although the physical (hydrologic) unc.ertainties



noÌilìally considered in water resources planning were addressed in the stucly thele was no

recognition given to budgetary and in particular socio-econouic uncertainties which usual-

ly are rnore profound in developing countries. The concern about budgetary uncertainty is

relevant in developing countries because most planning situations ale clynauic ancl involve

rapidly changing preferences and planning environrnents. The linal complomise may be, in

fact rnore a function of time and money available for planning than of any other factor.

2.L.3 Flanning Under'[Jr¡.certainty

Although inclusion of uncertainty in the investment planning of water I'esoulces development

has begun receiving increasingly greater attention in recent yeaïs, relativeiy few articles on

the subject are founcl in the literature, particularly in comparison with the work on inclusion

of hydrologic uncertainty in water ïesouïc.es operation and rnanagernent. Those articles which

have appeared on uncertainty in planning include the following:

"Subjective Inputs and ljncertainty in Ðecision Making (Ferrel, LgTz)"

Ferrel (1972), addresses the necessity for, and the roles of, subjective inputs to well cleflnecl

decision problerns. Three types of subjective input are distinguished: creative, valuative ancl

juclgemental. The author c.oncludes that subjective inputs to dec.ision making are a necessity

ancl not just a courpromise that must be tolerated. Creative, valutional, and judgernental

inputs are required, both to forrnuiate a decision theory problern, and to ualçe the nìeasuïe-

rnents needecl to solve it.

"Subjective Planning : A Model For'Water Resource Development (Erskine

and Shih, L972)"

This paper presents an analysis for optimuu dec.ision-making based on utility c.onc.epts to fo¡n

an aclaptive plocethire for tire planning and control of urban water lesources. The primary

worth of decision ancl utiüty theory lies in its ability to evaluate unquantifiable factors or

concepts. These concepts atternpt to include intangible factors relevant to the evaluation

of alternatives in addition to the rnonetary considerations of cost and profit. Weights are
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applied to indicate the relative irnportance of those intangible factors relative to the others.

A rating scherne to aliorv comparison of the alternatives against given factorsis then assigned.

The main advantages of this rnethocl (weighting ancl rating scherne) for the users is that it

is easy to understand and reiatively simple to apply. However, as pointed out by Pahner

and Lrind (1985), relative to the ûroïe curïent rnethod of subjective weighting such as the

Analytic Hierarchy Process (Saaty, 1977), this rnethocl suffers from uncertainty relatecl to

the particular scale chosen to quantify non-quantifiable factols, is not sensitive to the effec.ts

of changing marginai leturns on criteria, ancl cloes not provicle an internal check on the

consistency of the weights generated.

ttRisk and IJncertainty in Water R.esources Flanning and Operation (Yev-

jevich, 1983)"

This work asserts that the two economic criteria of expected benefit-cost ratio ancl net benefit

no longer seem adequate for selection of water projects. It is suggested that the cornponents

of benefits and costs should be treated as random variables. Once the benefits and costs are

deflned as the random variables, with their probability distributions specifled, the problem

becomes one of fincling the probability clistribution of the benefit cost ratio (BCR). The

confidence linits of this distribution then can be used in the decision rnaking pïocess.

((Multiobjective ,A.nalysis with Subjective trnformation (Palmer and Lund,

1985)"

In this paper an apploach for incorporating subjective information into multiobjective evalua-

tion using the Analytic Hierarchy Process rnethod proposed by Saaty (1977)is presentecl. The

rnethod is basecl llpon an eigenvalue and eigenvector analysis and structures rnultiobjective

evaluation into a series of hierarchies in which pairwise comparisons are rnade. The approach

addresses tneasures of subjective inconsistency, the sensitivity of inconsistency to pairwise

compalisons, subjective scaling factors, and sensitivity of final, uultiobjective weights. In

spite of its limitations, e.g., its application is limited to a linear scale of juclgnent anrl poor

consicleration of clirninishing or inc.l'easing rnarginal returns to scale, the authors notecl its

potential applica'bility. The authors also argue that its ease of use and sitrple format enable
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the AHP method to be usecl as an analytic technique where juclgrnent inputs rnay be subject

to negotiation by rnultiple clecision ruakers.

2.1,,4 Ðconorr¡ic Issues

Critical Issues in Benefit-Cost ,A.nalysis

There are three objectives of economic evaluation of projects (Au, 1988: Halvorsen ancl Ruby,

1981): (t) detennine if a given project is economically clesirable; (2) econornic evaluation

shoulci iclentify tire most economically desirable design for a particular project from a nurnbe¡

of potential alternatives; ancl (3) rank clesirable projects Over the past 32 years benefit-c.ost

analysis has experienced thorough reviews and criticisrns in terrns of its perfonnance with

respect to these evaluation objectives (Eckstein 1958; Viscussi ig72; Hanke anct Walker 1g74;

Ilalvorsen and Ruby 1981;ancl Lund 1992). The concerns in these works relate to clilficulties

associated with benefit-cost analysis such as identification of project impacts, rneasurement

of those iupacts, discounting, the length of the evaluation horizon and instability of the

benefit/cost ratio fol project cornparison. Potential alternatives to the benefit-cost ratio

inc.lude net present value (NPV), annualized NPV, internal rate of return (IRR) ancl the

ploject payback period. Theoretical examination of these alternatives shows clearly that

NPV and annuaiizecl NPV have the fewest cornputational and economic pitfalls in evaluation

of a project desirabiüty (Eckstein, 1958; Au, 1988) and it gives the better results (Neelv ancl

North, i976).

uncertainty in Benefit-Cost Analysis

'rEstimation Deviations: Their Effect upon the Benefit-Cost Ratio (Lutz
and Cowles, 1971)"

In this work the authors propose a contingency index to correct any consistent bias of the

benefit-cost ratio resulting frorn overestirration of benefits and unclerestimation of costs. The

contingency index, derivecl from an analysis of historical clata, is usecl to exarnine how well

the benefits, costs, and benefit-cost ratio (BCR) have been estirnatecl in the past relative to
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actual outconìes of projects. The deviations observed constitute starting points for estirnation

of future performance.

Application of the c.ontingency index analysis to 48 Unitecl States Bureau of Reclarnation

plojects completed prior to 1939 revealecl that the benefits hacl been overestimat eclby J2.42%

on average I'esulting in a 44.2% cleviation frorn the estimated BCR. With variations of this

rnagnitucle, it is important to provicle the DM with inforrnation about the likely IICR by

providing the probabilities of the possible outcornes.

"The 'Weibull trrobability Assignment Techniques: An Application to
Benefit-Cost Analysis (Mercer and Morgan, LgZS)r,

"Measurement of Economic {Jncertainty in Public 'Water Resource Devel-

opment: An Extension (Mercer and Morgan, 1g7B),'

Both articles illustrate the use of the Weibull distribution to provide the standarcl cleviation,

central tendency lneasules of the output (net benefit, BCR, etc) of projects. The inforrnation

necessary for each input variable is: a) the rnost likely value of the inputs, Xo, b) the estimatecl

low values for the inputs, Xt, c) the probabillty P(I) that the actual input value might be

lower than the estimated iow value, i.e., P1(X a Xr) : P(L), d) the estinated high value

for the input, X2 and, e) the probabiliiy P(H) that the actual input value might be higher

than the estimatecl higli value i.e., I'2(X > Xz) = P(H)

The limitation of both approaches is that they rely heavily on subjective estirnate for

estimating uppel ancl lower bounds of ftrture outcornes.

ttThe Measurement of Economic {Jncertainty in trublic 'Water Resource De-

velopment (Taylor et al., Lg76)n

The authors offel a realistic practical alternative to the existing cleterministic benefit-cost

evaluation procedures in water resouïc.es development. The methocloiogy usecl to nìeasure

project uncertainty in tenns of a mean and standard deviation for the benefits, costs, B(JR

and NPV is a Monte-Carlo sirnulation uodel employing triangular, subjective plobability

disiributions. Subjective estirnates frorn experienced rnanagers are usecl to clevelop estimates
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of uncertain palarneters, i.e., pessimistic, most likely and optirnistic. It is also assuûLeci

that there at'e no correlations aûìollg beneflts contributed from clifferent categories of project

purposes, e.g., flood contlol, hydro power') water supply, irrigation, etc. Biasecl estirnates of

experiencecl rnanagers/experts is the rveakness of this approach.

('An Approach to Risk and {Jncertainty in Benefit-Cost Analysis of Water

Resources Frojects (Goicoechea et al., 1g82a),'

The paper suggests that the probabilitv density functions (pdf) of project benefits ancl costs

rnay be characterizecl by subjectively derived nìean? pessimistic, ancl optimistic values. An

optimistic estintate reflects "the uaxirnurn estirnate benefit (or rninirnurn cost) that coulci

be reaLizecl if everything went right." A pessirnistic estirnate is "the minirnum benefit (or

rnaxirnurn cost) that could be realized if everything went wïong.)'

The authors propose a statistical rnanipulation to examine the expecterl value of BCIR

assurning that each inclividual benefit c.omponent of a proposecl project is statisticallv incle-

pendent of eaclt cost cornponent and vice versa. Furthermore, benefits and costs are assurnecl

to be stationary in tirne with the errors due to this assurnption being negligibie.

"An Approximate Method for the Analysis of uncertainty in Benefit-Cost

Ratios (Dandy, 1985)"

This stucly proposes a statistical manipulation based on the first-ordel second-moment (FOS-

M) rnethocl (Benjamin and Cornell, 1970) that provicles estimates of the following pararnetels:

1) the rnean and varianc.e of each component of benefit ancl cost,2) the c.orrelation c.oefficient

between each pairof benefit and cost c.ornponents,3) the variance of the totalproject benefit-

s, 4) the correlation coefficient between project benefits and project cost, 5) the approxiuate

mean ancl variance of the BCR and, 6) approximation of the pdf of the BCR using standarcl

statistical tables of the appropriate distribution, e.g., normal,lognormal or gamma, using the

data derived frorn step 5.

In terms of the objectives of the works described in this thesis, it is useful to note that

Danciy (1985) also notecl the necessity of rec.ognizing the uncertainty inherent in the Benelit-

Cost ratio when making project selection.
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"Frobability Ðistribution for Benefrt/Cost R.atio and Net tsenefit (Trrg,
tee2)"

This ilaper rindertakes an extensive analysis of the appropriateness of various cornrnonly usecl

probability clistributions in clescribing the randotr nature of the benefit/cost (B/C) ratio ancl

net benefit criteria. The probability models exarnined are; normal; lognorrnal; gam.llla;

Weibull and Fisher-Cornish (FC). The perfonnances of each nleaslrre are then cornparecl to

the true or exact probability clensity function of the net benefit or B/C obtainecl frorn a Monte

Carlo simulation. The results indicate that the FC method is the best probability moclel for

both B/C and net benefit (NB). The second best is the norrnal distribution for NB anrl the

lognomral for B/C ratio. However, Tung (1992) concludes, that the diference between FC

and norrnal distribution is insignificant. Therefore, adoption of norrnal distribution for the

NB in probabilistic BIC analysis should be acceptable.

2.L.5 Social Issues

The first part of tiris review will focus on papers relevant to the role of socio-econornic

parameters in water I'esources planning and the need for social factors to be considered

explicitlv in the planning process. Concerns about the neecl of staging clevelopment to tal<e

into ac.count the evolving neecl of society are also reviewecl. The second part reviews the

llìeasuretlLent of the soc.ial irrpact of water resources projects using statistical analysis.

((Quantifying Societal Goals: Development of a Weighting Methodology

(Gum et al., L976)"

"Social Accounting Sytem for Evaluating'W.ater R.esouces (Dinius, !g72)n

Both of these articles present tl-re use of a weighting methodology to quantify and evaluate

social parameters related to the contribution of water resoulces use to social goals. By

developing hierarchial goals, subgoal structures and rneasures of the lowest level subgoai,

preference weights can be usecl to provide measuïes of attainrnent of all goals ancl subgoals

witirin the hierarchial structure. Societal goals are quantified in a rnanner whic.h provides

useful inforrnation to decision nal<ers.
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('staged Ðevelopment of \Maste 'water TYeatment works ([,ynn, Lg64)"

"Economic Planning For Staged Ðevelopment (Sorensen and .Ïackson,

te67),,

Both articles addless the need for staged clevelopment for water ïesources projects. This

issue is very significant for developing countries where buclget lirnitation requiring staging

of plojects is generally a clominant problern. The first article suggests the use of linear.

prograÛuning to perform a l1ìore valicl and detailecl economic analysis in which all parameters

under consideration appear in the model as they actually occuï. Sensitivity anaiysis of the

Irodel over a wicle range of parameters is then suggested. The seconcl article cliscusses the

econonic analysis of staged development. Perhaps the rnost irnportant feature of the seconcl

pallel for this thesis is its recomrnendation that project arrangernents ancl clesigns aliow the

maximurn flexibility for future c.hanges in function and operation.

"Prioritizing Flow Alternatives For Social objectives (Flug and Ahmed,
1990)"

In this papel priority weighting and ranking of importance are proposecl to cleterrnine çluan-

titative and objective scores to evaluate flow alternatives with social objectives. The paper

shows how an easy-to-use multiobjective technique such as a ranking ancl weighting scheme

has been satisfactorily appüed in real-world projects related to social ancl environrnental ob-

jectives. A sirrrilar approach, i.e., the point allocation and weighting methocl is ploposecl in

this thesis to enable social factors contributing to the success of water ïesoulces projects to

be incorporatecl in a multiobjective-multicriteria portfolio investuent planning rnodel.

"Sociotechnical Analysis of frrigation Drainage in Central California
(ÏIukkinen, 1991)"

A sociotechnical frarnework is usecl in this paper to systematicalty investigate interac.tions

between water agencies ancl proposecl technical solutions. A sociotechnical matrix for inclenti-

fying potential sorirces of c.onflic.t and uncertainty is then appliect. This rnatrix is clesignecl to

facil-itate the explication of linkages between physical activities ancl olganizational activities.
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"R.egional Economic Growth F.bom frrigation Ðevelopment: Evidence Fbom

Northern EIigh-trlains Ogallala Groundwater R-esouce (Mann et al., L9B7),'

The impact of irrigation developuent on regional econornies in developed nations is exauinerl

in this paper using lineal regression techniques. The resuits indicate that, if people (employ-

Ûrent), rather than water, land, or doilars are to be the rneasuïe of importance, nìoclern,

capital-intensive irrigation development cannot be regarded as a vely effective instrulnent for

regionaì tlevelopment policies. This observation obviously also has some relevance to water

resources cleveloprnent in developing countries.

"Role of Sociodemographic Characteristics in Frojections of \Mater Use

(Murdock et al., 1991)"

In this paper the effects of demographic ancl other socioeconornic variables (other than total

population size) are usecl in projections of water use using regression ancl stanclarcl projection-

sirnulation techniques. The results suggest that dernographic and socioeconornic variables,

suc.h as the age of the householder, racial or ethical status, and householcl consumption,

rnarkedly afect water llse, ancl are often of relatively greater impoltance than economic,

climatic, or other physical factors in explaining per capita water use.

2 "2 h/lath¿err¡a.tåcaÌ. Fnogran'Irx'i.ing

In assessing the usefulness of Operations Research (Mathematical Prograuuing) for pubiic

systerns decision uaking, two issues are should be considered. The first issue is to cliscover

the lirnitations of the rnethodology. Several researchers have addressed this concern) e.g.)

Zeleny (1975), Liebrnan (1976), Mintzberg (1980), Fiksel (1982), ancl Rogers ancl Fiering

(1986). Sorne of these Limitations can be de[neated as follows:

1' The methoclology relies on mathematical formulation and "harcl" (quantitative) clata

by assurning complex public systerns are reducible into rnathematical syrnbolìsms ancl

descriptions. This step is in conflict with today's real worlcl public systems which

characterized by complex inter-related socio- economic factors in the sense of being

17



rnessy, ftzzy, ill-structurecl and represented by "soft"(qualitative) clata.

2' The fact that it is the rnodel that is optirnizecl, not the actual systern, irnplies that

the inadequacies in the rnodelling and rneasurement activities can leacl to spurious

"optirnal" solutions.

3. It cannot handle the critical "soft" clata, derivecl frorn purposefril systerns such as

human being or societies.

4. There is a lack of rneans for ernbracing participation from the DM in the form of

subjective inputs and intuitive approaches.

The seconcl issue relates to the potential use of rnathematical prograrnrning for the public.

systems clecision rnaking and can be described as follows:

l. It is highly effective in a situation whele the systern uncler stucly is clear'ly unclerstoocl,

ancl can be reduced to a mechanistic model in the sense that the objective function

is clearcut, easy to formulate, and noncontroversiai, ancl most of the constraints are

relatively obvious.

2. A cornbination of analytic and intuitive approaches might seerr to be appropliate to

handle real world public systerns that are neither purely analytic nor purely intuitive

as they have the potential to combine both components in an intricate interaction.

The possible roles of a mathernatical model in the decision making process in this case can

be delineatecl as follows:

ø It can provide the DM with anothet' perspective in the decision rnaking, a perspective

which he or she rnay have a tendency to overlook.

ø It can help in the cliagnosis of decision problerns.

ø It can conduct useful "real-tirne" analysis for the DM uncler pïessuîe.

In this thesis, an integration of both rnathematical ancl subjective uoclels within a struc-

tured framework (ueta-rnodelling) to hanclle complex proble¡rs of water lesou'ces investrnent

planning in an uncertain environtnent is developecl. In the following sections a nurnber of
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papel's lelatecl to rnathernatical prograrnuring of single and rnultiobjective planning problems

for public, especially water lesources) investrnent in its deterministic and stochastic forms are

reviewec.l .

2.2.L lnvestment Flanning in Ðetenrninistic Forrn

The general capital-budgeting probiern using a portfolio approach, without consicleration

of uncertainty in the econornic selection of projects, has been acldressecl extensively in the

Iiterature, e.9., Steiner (1959), Wein¡çartner (1967), Quirin (1967), and Clark et al. (1g84),in

water resources by Lesso (i971), Lauria (i973), Morin (i973), Neely and North (1g7G) anct

Whitlach and Kolesar (1987). The papers most relevant to this study will be adclressecl.

2.2.2 Mathernatical Frograrnrning for Portfolio Analysis
('An Analysis of Some Fortfolio Selection Models for Research and Devel-

opment (Lockett et al., 1971)"

Two managerial issues are adclressed in this paper. One is consicleration of unceltainty for

which two types are examined. The first is uncel'tainty in leturn, which is adclressecl by

rnaximizing the expec.ted utility of programrne return using the pararneter p (expectecl value

of return) and o (standarcl deviation of return), and uncertainty in inputs. The paper suggests

the use of a decision tree fomrat for description of individual project description combinecl

with the application of sirnulation and linear/integer pïograrnrning to actually select the

projects. The second type of uncertainty relates to the possibility of incornplete projects. To

solve this problerr the author suggests running the rnodel with cornplete projects ancl without

cornplete projects ancl comparing the solutions. The consideration of incornplete projects is

relevant to the research proposecl in this thesis because the problem being investigatecl is one

in which uncertain budgets may cause projects to be delayed, postponecl inclefinitely or even

cancelled.
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"{Jse of f,inear Frogramming in Capital Eudgeting with Multiple Goals

(Candler and Eoehlje, 1971),'

This article addresses linearization of an integer non Linear programming problem for capital

budgeting with rnultiple objectives. When the goal function is one that is typically ¡reasurecl

in Ûronetal'y terms, the function c.an be directly linearizecl in uonetary terrns. When the goal

firnction cannot be easily rneasurecl in rnonetaly tenns, an arbitrary scale rnust 
.be 

clevisecl.

The authors suggest that if a serious conflict arises in the defrnition of the goal function, it
may be resolved in one of two ways: 1) by expanding the nurnbel of goal functions to achieve

a set for whic.h reasonable agreement on scaLing can be achieved; or 2) by accepting more

tltan one scaling of the goal function ancl running the capital buclget for each scaling.

I{owever, sorne conflic.ts rnay still arise as to the relative importance among these goals

and, if different scaLings ale accepted, as to which of the resulting capital buclgetary solutions

is the best.

((A Portfolio Approach to Public W.ater Froject Decision Making (Neely
and North, 1976)"

This article suggests use of a portfolio approach for selection of proposed water lesouïces

projects to rnaxirnize net present value (NPV). The authors suggest two improvements to the

existing Ìneans of project evaluation and ranking by the Benefit-Cost Ratio (BCR), nauely:

1' SubstitutionofNPVasthecriterionforprojectselection,sinceitirnprovestheachieve-

ment of NPV produced by a BCR functional approach of rnaxirnizing BCR as a criterion

by 23.5%.

2. Adoption of a portfolio approach to the ranking and selection of projects for construc.-

tion.

The authors also noted that the lac.k of infomration on future project ancl buclgets coulci

Present the greatest challenge to an operational prograrnrning rnodei. They suggest that such

budget uncertainties rnay be incorporated in a pararnetric programming rnoclel ancl by the

analysis of rnany different budget sets.
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In the lesearcb clesclibed in this thesis budgetary uncertainty is treatecl by assurning

budget sets as ranclour variabies. "subjective probabilities" ale then assignecl to each level

of budget sets. The generated probability rnatrix is then usecl as transition probabilities in

SDP frarnework (Sutardi et al., 1gg1b).

((Construction Grants Program: Capital Budgeting (Whitlach and Kolesar,

1987)"

This article suggests the use of Integer Prograrnrning (IP) for waste water project selection

on the basis of the priority-to- cost ratio (PCR)in order to improve on the achievement of the

conventional priority score ranl<ing approaches. The objective func.tion in this case becomes

maxirnization of total priority points subject to such constraints as the total funcls available

for construction grant in the relevant fiscal year.

2.2.3 Multiobjective Flanning and lnvestrnent

Consistent with the neeci to consicler multiobjective issues in the planning plocess it is impor-

tant to review some uethods relevant to the type of decision rnaking process being consiclerecl

in this thesis. Such a review leacls naturally to the area of Multiple Criteria Decision Mak-

ing (MCDM) in which several nethods such as Goal Prograrnming (GP), Multiobjective

Proglarnrning (MOP), Cornpromise Programming (CP) ancl Multiattribute Utility Theory

(MAUT) have been suggested. The rnost important aspect of MCDM is that in the clecision

mahing processes the decision maker (DM) does not optiuize a defined single objective but

seeks an optimal comprornise arnong several conflicting objectives ol arnong the achievernent

of satisficing 1eve1s in the goals.

GP, which was originally fonnulatecl by Charnes et al., (i955) is perhaps the olclest ancl

ntost extensively applied method for decision. As pointed out by Rornero (1ggi), the urost

appealing feature of GP is its c.apacity to operationalize the "satislîcing philosophy" conceir-

tualized by Simon [(1955), (1957)] who conjectured that, in toclay's cornplex organizations

such as govelnntent agencies, big companies, etc, the environment is clefinecl by incomplete

information, lirnitecl I'esoulces, conflict of interest, etc. IJnder this liincl of environment the
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DM cloes not try to maximize a poorly defined objective function but rather tries to achieve

a set of goals as close as possible to a set of targets. In this sense the GP approach obviously

provides a fruitful frarnework.

Despite the wide use of GP ttre approach is not free from deflc.iencies. In the last clecacle

several authors have exposed possible drawbacl<s inherent in GP rnoclels. Perhaps the nost

representative works in this respect are clue toZeleny [(1973), (1981)] ancl Cohon ancl Marks

(1975)' However, some lesearchers, e.g., Hannan (1985) ancl rnost recently Rornero (1gg1),

have rnacle some assessrnents of the severity of the associatecl shortcorning ancl have atternptecl

to identify those conditions under which the use of GP is most theoretically clefensible. These

striclies concluclecl that the shortcomings can be overcorne, or at least consiclerably mitigatecl,

wÌren GP is usecl with a thorough understancling of the theoretical ancl operational aspects

underlying the approach.

The relative a.dvantages and clisadvantages of GP with respect to the other MCDM op-

proaches of MOP, CP, MAUT, etc will depend on characteristic.s of the problern uncler con-

sideration (Romero, 1991). For a decision rnaking problern involving rnany attributes, for

examPle, eight objectives with several hundred constraints ancl decision variables it is quite

curnbersorne to make use of the MOP or MAUT approach. However, this type of prob-

lern is quite manageable within a GP frarnework. The GP rnethocl is also suitable for. an

environment under which the DM feels very confident with the values of the targets.

Some of the papels related to the critical issues in GP approach are as foliows.

"Goal Programming for Decision Analysis of Multiple Objectives (Lee,

te72),,

This paper exarnines the capabilities and limitations of the GP approach. An important

property of GP discussecl in the papeï is its ability to handle îìanagenìent problems involvi¡g

multiple incompatible goals through an assigned irnportance of the goals. However', clue to

inappropriate use of weighting scales and inappropriate setting of goal levels, local optima

rnay result. To overcome this problern pararnetric prograrnrning can be usecl to cletermine

the irnpacts of tl-Le different target ievels and priorities which might be imposecl (Sutarcli et

al., 1990 and 1991a).
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"A R.eview of Goal Frogramming: A Tool for Multiobjective Analysis (Xg-

nizio, 1978)"

"Goal Programming and Multiple Objective Optimisation (Charnes and

Cooper, L977)n

The frrst article addresses a preemptive priority structure problern, presenting the general GP

rnoclel as apractic.al, realistic, ancl natural representation of a wicle variety of mauy real worlcl

problerrs. The second article recognizes that weighting assignrnents have the clual purpose of

specifying preernptive weights and for assigning relative weights. A similar weighting systern

was used by Sutardi et ai. (1990), (1991a). The irnpact of weight assignrnent on the level

of goal achieveuent relative to the ideal solution is then verified. If the DM is not satisfiecl

with a solution generated by the approach an interactive process can be performecl until a
satisfactory soiution can be reached. The flexibility of GP in this respect is appealing since

the DM is more oriented toward achievernent values for the objectives than towards inclirect

nleasrues such as weights.

"The Pros and Cons of Goal Frogramming (Zelenyr lg8l),'

This author notes that the shortcorning of GP in that the solution obtainecl bv the GP is

not necessarily the "best" one available to the DM because it may be dorninated by another

feasible soiution, especially in a situation where the goals wele set too low. Zeleny (tOSt) also

argues that clesirable leve1s of goals should be policy outputs rather than inputs of analysis.

In some current papers, e.g., Hannan (1985) and Romero (1991), it has been clemonstratecl

that such difficulties can be ovelcolne or at least mitigated by a proper use of GP.

"A Linear Goal Frogramming Model for Developing Economies with an

Illustration from the ,{gricultural Sector in Egypt (Bazaraa and Boucher,

1981)"

This article plesents an appLication of GP in a rnulti-regional agricultural plarining in a single

time periocl in a cleveloping economy. In adciition to specifying different levels of input ancl

output for each activity, the authors describe explicit clop interclepenclencies whic.h account
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for crop rotation. Constraints are deveioped for land, labor, water, machinery, fertiLizer ancl

capital resources. The model can be adjusteci to take coordination with the economy as a

whole into account. This article confirms tire usefulness of the GP approach for an ec.onomic.

planning of cleveloping countries in which a sectoral target is set within a centrally plannecl

econorny.

"Goal Programming Methods and Applications-A survey (soyibo, 1985),'

This survey article highlights the broad applications of GP in various aïeas. The use of the

CIP approach is aclvoc.ated fol econornic planning in developing countries because econornic

plans in these countries are usually set in terms of sectorial targets (goals) that have to be rnet

in a specified time horizon. The lirnitations of GP approach, as aclclressecì by Morse (1976)

and Morse and Clark (1979), in telrns of the problern faced by the DM in setting targets,

specifying weights ancl priorities and interpreting the range of non-dorninated solution, are

recognized however. Fortunately, some researchers have been rnaking efforts to irnprove the

GP rnethodology by cleveloping techniques airned at reducing these weaknesses. For example

Gass (1986) has proposed a proceess for determining priorities and weight for large scale

GP problems while Hannan (1980), (1985) developed a procedure to test if a GP solution is

efficient and subsequently providecl a procedure to establish a set of GP-eficient solutions.

"Goal Programming and Multiple Criteria Decision Making in Farm Flan-

ning: An Expository Analysis (R.omero and R.echman, 1gB5)"

In tiris paper the authors explain the structure of a GP rnodel by deriving it from linear

progranming. This paper is interesting in relation to the study reported in this thesis in

that it clarifies previous urisc.onceptions of the application of GP in the farm planning area.

Instead of straight forward reporting of the exercise of applying GP, this article exarnines

the following topics: a) why orthodox LP is not generally suitable for dealing with multiple

criteria, b) the conceptual and logical structure of GP and its rnain variants, c) how GP

handles multiple criteria, and d) the pitfaììs that rnight be encountered when applying GP.

24



"A.n Assessment of Some Criticisms of Goal Programming, (Ë{annan, 1gB5),'

In this work the author notes that a dorninatecl GP solution can occur when the associatecl

value function is rnonotonic ancl suggests that an alternative optimal solution can be usecl

to iclentify the existence of an inferior solution. A procedule to convert the inferior solution

into a non-clorninated solution is then proposecl. It is interesting to note that Hannan (1985)

then argues thai the problerr of dominated solutions shoulcl not eliminate the plospect of (lP

fi'onl consideration in solving multiple objective problerns. He also notes that a goal-basecl

interaction rnay uaintain the GP approach as a major tool of multiobjective decision making

as rnost of c.riticism of the standard GP methodoiogy is not applicable to the interactive

methods.

"[randbook of critical rssues in Goal Programming, (R.omero, rggl)"

In this worl< the author provicles an extensive bibliographical survey frorn a wide range of CìP

appLications in a categorized nìanner. Sorne critical issues inclucling some rernalks on poor

modelling practices are addressed. Measures to relieve soûre difficuities associatecl with the

GP approach are also oferecl. It is noted that in lnany cases these criticisrns have exaggeratecl

such difficulties and that a nurnber of applications have demonstrated that the problern can

be overcome, or at least mitigated, by 'proper' use of GP.

2"2"4 Multiobjective Mlater Resources Flanning

Multiobjective programrning techniques for water resouïces problerns have been classifiecl

and evaluated by a number of investigators, including Cohon and Marks (1975), Hairnes

(1975), Taylor et al. (i975) and Loucks et al. (1981). These assesments have cornparecl

the utilities of the techniques using different criteria. Coiron and Marks (1975) do not favor

the GP rnethod bec.ause of its deficiencies such as it produces a dominatecl solution ancl the

dilficulties associatecl with the weighting assignrnent. However, rnore favorabie reviews to

CìP methocl can be founcl in Taylor et al. (1975) and Loucl<s et al. (1981). Subsequent

irnprovernent of the GP approach since the earLier critiques, e.g., by Hannan (1980), (lg8b),

Gass (i986), and Romero (1991) have also oveïcome some of the deficiencies perceivecl in
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those critiques.

A tnore cleiailed review of the applications of multiobjective analysis to water lesouïces

planning is as fo1lows.

'(Applied IMater R-esources System Planning (Major and x,enton, lgzg),,

In this work the irnplernentation of multiobjective planning theory for the cieveloprnent of a

river basin project configuration and clevelopment schedule in South Arnerica is cliscussecl.

Three rnathernatical models, nauely, a screening rnodel, a simulation rnoclel ancl a sequencing

moclel, were usecl to take into consideration socio-political objectives ancl govelnment policies

constraints in aclclition to the traclitionai economic ancl engineering objectives and constraints.

Howevet, the study did not explicitly take into account the presence of uncertainties relatecl

to budgetary and socio-econornic factors in terms of changes in governrnent policies ancl un-

certainty of outcome, which are generally douinant issues in developing countries in which

the final cornpronìse is perhaps ûrore a function of tirne and rnoney available for implernenta-

tion than of any other factor. Further multiobjective portfolio basecl moclelling cleveloprnents

are pl'oposed for the problem under consideration in this thesis to accornodate the p¡esence

of various types of uncertainties in the rnodel forrnulation and exarnine their implications on

the clecision mahing process.

Others relevant papers in the literature which address the topic of river basin planning

and which have sirnilar characteristics are:

ø Long Range Planning of Water Resources: A Multiobjective Approach (Davict ancl

Duckstein, 1975)

ø Multiobjective Optimization in River Basin Development (Duckstein anci Opricovic,

1eB0)

ø Multiobjective River Basin Planning with Qualitative Criteria (Gershon et al. 1gB2)

ø Multiobjective Approaches to River Basin Planning (Gershon ancl Duckstein, 1gB3)

These four papers approach rnultiobjective problerns in a sirnilar lnanneï. A comprehensive

cost efectiveness approach is adopted to define goals, specifications, criteria, alternatives
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ând their capabilities. Specifications include dernands that might be given in probabilistic

tenns. These artic.les also cover irnportant factors involving social elements, such as lancl

use, that rnight be clescribed by both rnonetary quantities ancl qualitative appreciations.

The flrst ancl sec.ond papers also offer the term of flexibility to recognize implicitly several

types of unceltainties, suclt as the natul'al uncertainty inhelent in folecasting, the strategic

uncertainty clue to the unlçnown future allocation policy, the econouric uncertainty pertaining

to c.ost and loss ftrnctions and technological uncertainty. Multicriterion algorithrns such as

Electre, Cornprornise Prograrnrning and Multi attribute utility theory are then usecl to ranl<

systerns and reduce the problern to the trade off between only two alternatives.

Howevet' these papers clo not address the problern of comparing and selecting of alter-

natives for a range of river basins with potential projects. Moreover, the cost effectiveness

solutions clo not directly refel' to all sectorial or subsectorial objectives, in temrs of their

achieveurent of, or contribution, to the target goals uncler the conditions of buclget lirnitations

and buclgetary fluctuations often associated with water lesources development in cleveloping

countries. It should be noted that the cost ellectiveness appïoach also rloes not answer the

problem of optirnum budget allocation arnong cornpeting regional goals ancl plojects, often

the most irnportant issue in developing countries which tend to have centrally plannecl ancl

fundecl developuent (It is reco¡çnized that the same problerns exist in clevelopecl countries

but they are tllore exaggeratecl in developing c.ountries). And lastly, none of those approaches

provides a rtean to incorporate several types of uncertainties in its formulation simultane-

ously.

Application of GP Approach in '\Mater R.esources

"Approaches to Multiobjective Flanning in Water Resources Frojects (Tay-

lor et al., 1975)"

Severai alternative approaches to the benefit-cost analysis method for multiobjective planning

of water resoruces project evaluation in terrns of economic efficiency, environrnental quality

protection and socio-regional econornic factors are reviewect in this paper. These alternatives

are categorized into two classes: Mathematical Prograrrrning, and Value Determinatiou. In
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the rnathematical programrning class two techniques, namely, a goaì prograrnrning and the

surrogate worth tracle off rnethocl are reviewed. In the second area of value cletennination,

two techniques, nantely environrnental evaluation systems (EtrS) anci personal value cleter-

mination are reviewed. It is concluded that no one rnethoclology offers a cornplete solution to

the evaluation problern. However, of the four rnethods describecl GP appears to be the rnost

workable since it considers all objectives within a single uodel framework with a minimal

clegree of cornplexitv and also a minirnal deglee of subjective judgurent. Some limitations of

CìP such as specific.ation of weighting, priorities ancl target levels, all c.haracterizecl by subjec.-

tivity are also pointed out as being problerns which rnust be overcoûìe to keep the proble¡rs

at a minimal level.

"Planning and Selecting Multiobjective Frojects by Goal Programming
(Neely et al., L976)"

"An Operational Approach to Multiple Objective Decision Making for Pub-
lic Water Resources Froject Using Integer Goal Programming (Neely et al.,

Le77)n

The first article proposes the use of the GP approach for multiple goal planning of public

water lesources projects. The second article reports on the application of the Integer Goal

Prograrnming (IGP) approach for selection and scheduling of rnultiple objective water re-

sources projects. Both articles justify the use of a GP approach on the basis of its ability to

hanclle multiple and often conflicting goals quite easily.

However, in order to be useful as a planning approach for the types of problerns to be

aclciressed in problerns exarnined in this thesis, the rnodel forrnulation rnust be broaclenecl to

include factors of uncertainty.

2.2.5 lnvestrnent Flanning Model in stochastic Forrn

A nurnber of lineal and non-linear forms of stochastic rnodels have been clevelopecl ancl re-

ported in the litelature. The main objective of these rnoclels is to assist clec.ision rnaking

involving uncertainty. The models thernselves can be classifled accorcling to the basic tech-
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niques unclerlying thern as follows:

1. Stochastic Prograrrming

o l)iscrete Stochastic Prog,^ramrning:

"Discrete Stocirastic Prograrnrring" (Cocks, 1968)

"Stochastic. Programrning, Utility ancl Sequential Decision Problerns in Fa¡n

Managernent" (Rae, 1971 )

ø Decision Tree Approach:

"Investrnent Analysis Under Uncertainty" (Wilson, 1g69)

ø Stochastic Decision Tree Approach:

"Stochastic f)ecision Î'ees for the Analysis of Investrnent Decisions" (Hespos ancl

Strassrnann, 1965)

"A Stochastic Prograrnming Model for Project Selection (Lockett et al., igB0)

"Decision Making Allowing for Uncertainty of Future Investrnent Opportunities"

(Kaplan ancl Barish, 1967)

ø Stocliastic Control Theory:

"optirnal (Japacity Expansion uncler uncertainty" (Davis et al., 1g87)

"Planning for Surprise: Water Resources Developurent Uncler Deuancl ancl Sup-

plv Uncertai'ty I The General Model" (Brlenkotter et al., lgBg)

ø Stochastic Dynarnic Programming:

"Stochastic Dynarnic Programming Operating Model" (Loucks et al., 1gB1)

"Stochastic Dynamic Prograrnrning" (Kennedy, 1g86)

"Water Resources Planning Under Budgetary Uncertainty: The Case in Inclone-

sia" (fiutardi et al., 1991b)

2. Stochastic Linear Prograrnrning

e Two Stage Linear Progamming:

"On the Solution of Two-Stage Linear Prograrns under Uncertainty" (Dantzig

and Madansky, 1961)
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"A Sequential Programrning Model of Growth ancl Capital Acc.umulation of a
Famr Under Uncertainty" (Yaron and Horowifz,lgT2)

ø Stochastic Lineal Progratrrning:

"On Sorne Theorems of Stochastic Linear Prograrnming with Applications" (Sen-

gupta et al., 1963)

"Stochastic Prograrrming" (Kall, 1gB2)

"Tirne Horizon, Objective Function, and Uncertainty in a Multiperiocl Moclel of

Firrn Growtir" (Boussard, 1g71)

3. Chance-Constrained Prograrnrning (CCP)

ø Chance-Constrained Prograrnrning:

" chance-constrained P'ograrnming" (charnes and cooper, lgbg)

"Detemrinistic Equivalent for Optimizing and Satisficing Undel Chance Con-

straints" (Charnes and Cooper, 1968)

"Optirnization Modelling of Water Quality in an lJncertain Environment" (Burn

and McBean, 1985)

The general mathematicai forrnulations of these group of rnodels, i.e., Stochastic Prograrn-

ming, Stochastic Linear Programming, and Chance-Constrainecl Progratrrning aïe cliscusserl

in detaii in Subsection 4.2.3 of Chapter 4.

Except the uoclel proposeci by Sutardi et al. ( 1991b), all of these rnoclels are c.haracterizecl

by the fact that it is assunted that the type of uncertainty being hancllecl in the moclels can

be statistically defined, i.e., past or multiple observations are available ancl can be usecl to

estirnate the likelihoocl of future events. Such assumptions may not valicl for sorne of real

world problerns in which past or repeated o'bservations are not available or possibie, clue to

the unique, irreproclucible nature of any event dealing with a purposeful systern (such as

hurnan being or societies).

A rnore detailed review of the relevant models whose characteristics are usefui to this

thesis ale as follows.
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"chance-constrained Frogramming (charnes and cooper, 1g5g),,

"Deterministic Equivalent for Optimizing and Satisficing {Jnder Chance

Constraints (Charnes and Cooper, 1968)',

The approach of Chanc.e Constrainecl Prograrnrning (CCP) is to maxiuize the expectecl value

of objective function subject to econornic/resources constraints for which violation clue to

randorn variations in the system is perrnitted for some given percentage of the tirne. In this

case CCP approach may be viewed as a technique for provicling appropriate safety margins.

In spite of its limitations, such as i) it is impractical if several stochastic. constraints

are to be accornodated, and ii) it suffers frorn a potential arbitrary choice of probability

ievels, the CCP approach has been applied to a range of industrial, economic. ancl water

I'esollrces designs. Justification for use of such moclels in these applications lies largeÌy in

tireir tractability rather than in the realism with which they reflect the DM's true pleferenc.es

(Andelson, 1977).

"Optimization Modelling of Water Quality in an lJncertain Environment
(Burn and McBean, 1985)"

The paper leports the application of CCP to accornodate uncertainties present in the water

quality tnanagetnerìt problerrs. Although not specifically related to investrnent planning

under stochastic conclition the paper is interesting because the authors point out the inherent

advantage of using CCP, narnely, the inclusion of stochastic consideration in the CjCP cloes

not increase the rnodel size frorn that of the deterministic formulation and the probabiüstic.

violation of the constraints can be easily exarnined. Both issues are of interest for the problen

being exarnined in this thesis.

((Stochastic Ðynamic Prograrnming (Kennedy, 1986)tt

In this work the author provicles a fundarnental theoretical basis for development of a s-

tochastic clynarnic programming (SDP) approach relevant for the investment planning rnoclel

proposed in this tiresis. For many decision problerns, the state transformation clepencls not

only on the state of the system and the decision taken, but also on unpreclictable events
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beyoncl the control of the DM. In this case the stage return may partly clepencl on unp¡e-

clictable events outside the control of the DM. Therefore the problern may be for'r*latecl as

a stochastic dynamic prograrn. Furthennore, Kennedy notes that tlansfolmation probabil-

ities governing state transforrnations can be cletermined objectively as well as subjectively

clepencling the nature of the problems being optimizecl.

However as clisc.ussed in later section, the characteristics of the problert s under c.onsicler-

ation in this thesis require that the SDP approach should be extenclecl to be a two-state SDp

rnodel.

"optimal capacity Expansion {Jnder {Jncertainty (Davis et al., lg8z),,

"Planning for Surprise: \Mater Resources Development Under Demand and

supply {Jncertainty r. The General Model (Erlenkotter et al., 1989)',

The flrst paper addresses the use of stochastic control theory for optirnization of the capacitv

expansion problern under uncertain future dernands by assurning that the DM controls the

rate of investrnent and that the distribution of uncertain pararneters is known to the DM.

The second papel discusses the optiual timing of a single capacity increment with flxecl

leacl tirne to meet a ciernand tirat is linearlv increasing except for a future ranclorn ,,snr.plise"

time at which the clernancl goes up and clown. The properties of ranclorn parameters requirecl

for optimal investrnent then are derived by a stocirastic mocler.

In temrs of deflning randon pararneters both papers rely on assumption that conplex

public systems characterized by socio-economic ancl political factors is reducible into rnath-

ernatical syrnbolistns and descriptions. On this basis, it can be concluclecl that both moclels

depend highly on how adequate the modelling ancl rneasurenìent activities are relative to the

actual systerns. In cases where the match between reality ancl the moclel is poor, spurious
ttoptirnaltt solutions can result.

As rnentioned earlier, in this study the use of a cornbination of mathematical ancl subjec-

tive rnodels is proposed to handle problerns of pubüc investment planning uncler uncertail
environment. This use of a combination of trathematical ancl subjective rnoclels overcolu.es

some of the problerns related to a misrnatch between reality ancl the moclel ancl/or inaclequacy
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of the rnodelling and rneasurernent activities.

"'W-ater R-esources Flanning {Jnder Eudgetary {Jncertainty: the case in In-
donesia (Sutardi et al., 1991b),'

In this paper a Stochastic. Dynarnic Programuring rnodelling frarnework is proposecl to assist

in the planning process under burlgetary uncertainty. Probabilities of the funding levels in

any tirne period defined as a function of time period, Ievel of existing cleveloprnent, level of

plevious funding, level of possible decision ancl ievel of actual funcling, ancl clerivecl subjective-

ly, are ernployecl to hanclle buclgetary uncertainty. Application of the moclel prirnarily yielcls

an optirnal planning polìcy that recognizes the possibility that actual funcling received may

be less than anticipated and therefore the projects being irnplernentecl uncler the anticipatecl

budget have the potential to be interrupted. Ðxplicit consideration of these possibilities with-

in the planning rnoclel (proc.ess) in this rnanner significantly recluces the existing problerns of

project rescheduling and cancellation. assessoïs.

Multiobjective Stochastic Programming (MOSp)

Relativelv very few papers concerning MOSP exist in the literature. Although several ap-

pLications of Chance-Constrained Goal Prograrnrning (CCGP) in the area of financial ancl

industrial problems have been reportecl, Stancu-Minasian (1984) in a survey of this subject

conciuded that the ntost comrnonly used approach seetns to be the PROTRADB concept

proposed by Goicoechea (1979). The rnost recent approach that appears in the literature is

STRAI\{GB as developed by Teghem et al. (1986).

A rnore detailecl review of the application of rnultiobjective stochastic prograrrrning as it
relates to this stucly is as follows.

"A stochastic Approach to Goal Frogramming (contini, 1968)',

A theoretical background for a stochastic interpretation of the goal prograrnming problem

is provicled in this papel. Specificaily the paper deals with the problem of attaining a set

of targets (goals) through a set of subgoals when the relation between the two groups of

variables, i'e., target/goaì vectol ancl clecision variables, can be expressecl rvith alinear system
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of stochastic equations. The objective function in this case consists of the rnaxirnization of

the probability that realisation of targets will lie in a conficlence region of precletenninecl size.

Under suitable norrnality assumptions the stochastic goal prograrnming problem is equivalent

to a quadratic prograrnrning probleu in standard forrn, and therefoÌe can be solverl by existing

algorithrns. Howevet', no practical application based on this approach has been reportecl to

date.

"A Chance Constrained Goal Programming Model I'or 'Working Capital
Management (Kweon and Martin, 1-gTT),,

"A Chance Constrained Goal Frogramming Model for Bank Liquidity Man-
agement (Kweon, 1978)"

The rationale for applying Chance Constrained Goal Programming (CCGP) to problerns

of uncertainty and multiple conllicting objectives which characterize Jinancial problems of

a frrrn is describetl in these two stuclies. The GP approach was consiclerecl a suitable tool

for these application because of resource limitations which macle cornplete attaintrnent of all

objectives impossible. The problem of uncertainty was incorpolatecl into the moclel through

the use of chance- constrained prograrnrning in wirich the probability level a¿, at which it
is desired that tÌre constlaint or goal should hold, is explicitly selectecl. Risk is then tal<en

into consideration in cletermining the probability levels, a¡, àT, which the goals must holcl.

The more t'isk averse the management, the higher the probability level at which they wili

cover this goal. Sensitivitv analysis on the probability level a¿ is performed to exarnine the

risk-return relationship for each goal.

In the present thesis this approac.h is extenclecl to accomodate the problerns of sequeltial

decision uaking and budgetary fluctuations over tirne.

ú'Multi-national Capital tsudgeting Using Chance-Constrained Goal Fro-
gramming (Choi and l,evary, 19Bg)"

This papel clescribes the application of the CCGP method to solve multi- national capital

budgeting problems which are characterized by multiple ancl conflicting goals, an¿ uncer-
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tainty' In this papeÌ the NPV of return is assumed to be a ranclorn variable ancl is handlecl

through chance constraints rather than through goal statement constraints. Zero-one cleci-

sion variables are introduced to accornodate the "go oï no go" clecision for the projec.ts rinrler

consideration. Tliis "go ot' no go" aspect is relevant to this research clescribecl in this thesis

ill that it aclclresses the possibility of projects not being completecl uncler budget allocation

ancl the neecl to ensute that projects once startecl are actually completecl.

" Multiple Objectives [inder IJncertainty: ,A.n Illustrative Application of
PR.OTR-ADE (Goicoechea, 1979),'

PROTRADÐ is a multi-objective probabilìstic approach involving fonnulation of an initial
sulrogate objective function (SOF), estirnation of a rnulti-attribute utility function reflecting

the DM's preferenc.es, reclefinition of the SOF, ancl use of a cutting-plane tec.hnique to solve

a general nonlinear problem. In PROTRADE, the DM is able to "tracle off" the levels of

the objective function ancl their respective probabilities of achievement against one another.

Giocoechea (1979) dernonstrated the use of this approach in water ïesources planning. The

great aclvantages of this method are that it is interactive and that it applies to a very general

class of problens with non-linear constraints and randorn coefficients for linear objectives.

However, the approach is not free frorn difficulties, particularly in terrns of, the practical

construction of a utility function which is often not satisfiecl in practice ancl an inslffient

clispersion of values of the objective being evaluated.

"Strange: An Interactive Method For Multi-objective Linear Frogramming
under {Jncertainty (Teghem et al., 1986)"

"Nuclear Fuel Cycle Optimization using Mutti-objective Stochastic T,inear

Prograrnming (Kunsch and Teghem, lgBZ),,

In these papel's STRANGÐ, a rnultiobjective stochastic linear optimization, is usecl to acl-

dress problerrrs of investment planning that involve a tirne horizon, ¡rultipie objectives a.c1

unc.ertainty of basic clata. The algorithm extends the STtrM (Step Methocl, clevelopecl by

Benayoun et al., (1971)) to take into account tlie ranclorn aspects rvith their subjective prob-

or
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abilities of occurence. Such ploblerns result in a particular structure of multiobjective ancl

stocltastic linear progranming, in which discrete random coefficients are present in the objec-

tive functions and in the RHS of sorne constraints while sorne of the coefficients of the LHS

of the constraints are deterrninistic. The unceltainty inherent in randorn variables is han-

dled by the definition of scenarios witir associate subjective probabilities. For each scenario,

probabilities of occurence ale clefined by the experts. These subjective probabilities genelally

at least cover tìean and extrerne situations. However, the lil<elihood of a given scenario is

usually clilficult to define precisely. Hence, at the end of the analysis, it is necessary to carry

out a sensitivity analysis sirnulating events with a range of subjective probabilities.

An interactive procedure is used to obtain a best cornprornise for such a problern. Bfficien-

cy projection techniques are then used to provide the DM with detailed graphical inforrnation

on a farnily of efficient solutions.

Arnong the existing stochastic programrning rnodels addressed in this review, two ap-

proaches, i.e., PROTRADÐ ancl STRANGE, have a number of feature which are relevant

for the problems consiclered in this thesis bec.ause they involve time depenclent uncertainty

afecting the RHS of sorne constraints and rnultiple and conflicting objectives. The strength

ancl weaknesses of these two approaches in relation to this thesis are examinecl in cletail in

Chapter 4.

2 .2.6 S urnrreany

Conclusion for lJncertainty in Planning Process

Forrnal justification for the inclusion of factors of uncertainty in the investuent planning

for impleurentation for water resources projec.ts can be found in the above papels. However ac-

cording to the Yevjevich (1983)defrnition only one type of uncertainty nauely socio-economic

uncertainty is relevant in this investrnent planning stage. Other soul'ces of uncertainty, such

as physical or natural uncertainty, are assurned to be taken account of during the clesign

pI'ocess. In this thesis it is assurned that this situation occuls, i.e., the uncertainty arising

frorn physical or natural indicators is addressed in the design stage, while the soc.io-econo¡ric

uncertainties related to budget availability, variations in project benefits and costs ancl socio-

econornic controls on project success are to be addlessecl in the planning stage. Furtherurore,
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it can be concludecl that, in the case of subjective inputs, the use of weighting ancl rating

schemes to handle nonquantifiable factors, whic.h happen to be the critical issue in this type

of uncertainty, is justified.

Aithougir this approach is widely useci it is not free of diffìculties. For exaurple, inc.on-

sistenc.y due to scaling problerns nay occul'. However the severity of the irnplication of such

inconsistency is probiern c.ontext dependent. Sorne eforts have been macle to iclentify such

inconstitencies ancl rneasures to alleviate tlie problem have been suggested, for exarnple by

Saaty (1977) and Saaty ancl Vargas (1991) on their work of the Analytic l{ierarchy Process

(AHP). Another irnportant issue related to this type of (uncertainty'is that it involves two

issues, i.e., risk ancl unc.ertainty. The clifference between risk ancl uncertainty relatecl to the

problems acldressecl in this thesis is explained in Chapter 3 Section 3.2.

So far, there is no known work that addresses, explicitly and sirnultaneously, the prob-

lenls of investrnent planning under uncertain environrnent characterizecl by uncertain socio-

economic inputs and outcorne ancl budgetary fluctuations.

Conclusion for IJncertainty in Benefit-Cost Analysis

A cornparative review of the papeïs cited under this heading indicates that the Lutz anci

Cowles (1971) wolk was the first to recognize uncertainty and bias in benefit cost analvsis

and to ofer a quantitative approach cornpensating for their effects in the BCR analysis. Flr-

therrnore, unlil<e other studies, instead of using subjective estirnates of uncertain pararnetels

e.g., most likely, upper and lower value of benefit ancl c.ost cornponents, Lttz ancl Cowles

(1971) offer a procedure, called the contingency index, that can be usecl to correct bias in

benefit ancl cost estirnations. The corrected benefits and costs figures provicle a moïe reliable

starting point for estirnation of future performance for the projects under c.onsicleration.

The limitations of the procecluïes ploposed in the other studies by, i.e., lVlercer ancl

Morgan (1975, 1978), Taylor et al., (1976), Goicoechea (1982a) ancl Dancly (198b) can be

described as follows:

1. They rely on subjective estirnates of experienced managers which are inherently prone

to such problems as: a) Ìtany agency directors uay be hesistant to accept probabilistic

inforrnation of any type for decision rnaking puïposes because such information may

imply weakness in the analysis (Taylor et al., 1979), and b) the project ilìanageï nìay
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nrake biased estimates (Hanke ancl Walker,IgT4).

2. With exception of Dandy (1985) almost all articies, assunìe that inciivictual benefit

and cost components are statisticaìly inclependent. The implications of statistical in-

dependence are bload, however. For example, it is clifficult to imagine a floocl control

project in which the benefits associatecl with an incrernent of floocl control woulcl be

indepenclent of the benefits accruing to adjacent land or of the costs associatecl with

that inc.rement.

3. The implicit assurnption of stationarity is likely to be incorrect in the "reai worlcl"

(Goldman, 1983). The statistical distribution of costs ancl benefits can, ancl normally

does, change with time, especially if a project with a long life such as a floocl control

dam and reservoirs is being evaluated.

Based on the above observations, the approach that is proposecl for the inclusion of un-

certainty in the benef,t-cost analysis in this study will be the cornbination of the contingency

index method offered by Lutz and Cowles (1971) and the f.rst-orclel seconcl moment (FOS-

M) analysis suggested by Benjamin and Cornell, (1970). The reasons for aclopting these

approaches are :

1. The contingency inclex, which is derived from historical clata, appeaïs to generally

provide a better estirnate of future conditions than subjective estimates, since trencls

of the previously c.ornpleted projects can be reflected in the estirnation of the future

perfomrance of the similar projects.

2' The second-order-mornent analysis is able to incorporate correlation between conpo-

nents of benefit and costs and as such this rnethod provides a more reaListic approac.lr

to the real life situation.

The use of the contingency index and the FOSM to estirnate the clispersion of the lìenefit-

Cost component undel' an assulnption of nolmal distribution is also supportecl by Tung,s

(1992) observations that the adoption of the norrnal clistribution shoulcl be acceptable sinc.e

it provides a significantly lower computational burden ancl yet a consiclerably accurate esti-

rnation relative to other approaches such as the FC approach and Nfonte Carlo si¡rulation.
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IJsing this rnethocloiogy in cornbination with appropriate optimization techniques the ¡rost

reliable projects can be selected. The actrial inclicator of econornic clesirability of a benefit

cost analysis used in such a process is the net benefit of a project as net benefit is consiclerecl

to have the fewest pitfalls (Eckstein, 1958 and Au, lgBB).

Conclusion for Social fssues

Review of papers related to social issues suggests that it is appropriate to use the weighting

and rating scheue to quantify unquantifiable social factors in orcler to cornbine these factors

appropriateiy with pule econornic and physical factors (Dinius, 1972; Gurn et ai., 1g76; Flug

ancl Ahrned, 1990; Hukkinen, 1991;and Sutardi and Goulter, 1993). Furthennore, it appears

that statistical anaiysis, i.e., regression techniques, can be usecl to clescribe relationships

between physicai (engineering), econornic, and social factors for the purpose of precliction

and evaluation (Mann et al., 1gB7; and Murdocl< et al., 1gg1).

Conclusion for Mathematical Programming:

Justification for the use of CìP in this stucly is attributecl to its ability to explicitly explore the

relationship between resource capacities and goal/target attainrnent which is very relevant

for goal orientecl planning approach generally applied for cleveloping countries. In aclclition,

as pointed out by Rornero (1991), the GP method also has features to operationalize the

"satisficing philosophy" in which the DM's do not try to rnaximize a rnuch less well definecl

objective function but rather try to achieve a set of goals as close as possible to a set of

targets.

To reLieve sorne difficulties associated with the GP approach, the measures suggestecl

by Hannan (1985), and Rornelo (1991) will l¡e appliecl. Further goal prograrnrning-basecl

rnodelling cleveloprnent is required to handle problems of unceltain project outcorne ancl

irnprecision of input and qualitative data.

To hanclle problems of sequential decision rnaking under buclgetary uncertainty the SDp

rnoclel proposecl by Sutarcli et al. (1991b) will be appliecl. Further rnoclelling cievelopment

is proposed in this thesis, ltowever, in orcler to improve the effectiveness ancl consistency

of the subjective model. Such improvement is achievecl by combining the subjective moclel

with an available collective opinion tec.hnique to enable a ïarìge of external factors governing

tire availability of future budget for developrnent to be integrated with subjective inputs
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originating frorn an individual or a large numbe. of assessors.

Furthermole' tlse of the SDP approach can be extenclecl to accomoclate application of a

seconcl level optimization rnodel to determine the returns generatecl by a partic'lar allocatio.

of budget at each stageof the SDP and to hanclle other types of uncertainty ancl nultiobjective

issues in the overall approach.
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3.1- GeneraÏ Flannie'rg

3.1-.1 Flanning Ðefinition

Before analyzing the uncertainties faced by decision makers ancl pianners involvecl in this

broad area of planning of water ïesources development, utilization ancl manageîr.ent, it is

useful to define the activity terrned planning.

In general the objectives of water Ìesouïces developrnent can be sumrnarizecl as follows:

National Econonic Development (NBD), Regional Economic Developrnent (RED), Other

Social Bffect (OSE) and, where necessary) Environmental Quality (trQ). From engineering ancl

econornic viewpoints, the planning of water resources projects is a rnultiunit, multipurpose,

multiobjective problern involving to varying degrees, uncertainties such as future clemancls

and future resoulce capacities.
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In generai, the definitions of planning indicate that it is essentially a sequential clecision

process in which lesources are ideally cornrnitted to various activities at given points in tine
such that the overall efect of all these decision is optirnal. It shouid be notecl that planning

undeÏ this definition/scenalio faces varying forrns of uncertainty such as future clemancls ancl

future resouÌce capacities.

3.L.2 Flanning Frinciples

As outlinecl in previous chapter', water resources planning is now more broaclly basecl. Major

changes in pianning have resulted frorn the inclusion of non-traclitional aleas of consiclera-

tion, such as regional, socio-political, environmental issues, that are not quantifiable in the

traditional engineering sense. Furthermore, as shown in the literature review, relatively little
work has been unclertaken to adclress uncertainties) e.€1., buclgetary ancl socio-technical ancl

political factor uncertainties which differ froti the traditional engineering consiclerations of

hvdrologic uncertainty. Although these non-traditional problerns are universal, their impac.t,

magnitude, and priority may be quite different. For exarnple, the probleus of bu{getary ancl

socio-economic uncertainties ale more profound in developing countries, e.g., Inclonesia, than

in developed countries. On the other hand, environmental concerns have become a major

issue in clevelopecl countries. Although environrnental aspects are not ignorecl in clevelop-

ing countries, they are not considerecl as explicitly as in the more economically aclvancecÌ

countries such as the United States (Goodrnan, 1gB4).

In addition to the need to recognize the various types of non-traciitionai uncertainties

clescribed above, the objectives of water resoulces investment also has to comply with the

specific characteristics of problems inherent in each region. For example, in the case of

developing countries, objectives of planning have to recognize the neecl to achieve short-ter¡r

and mecliurn-tenn econornic targets before it is meaningful to introcluce long-term goals.

As noted by Wiener (1972), "achievenlent of reasonable nutritional, eclucational, housing,

clothing ancl leisure levels must plecede attempts to set cornprehensive ancl more sophisticatecl

aitrìs." Wiener (1972) then divides objectives into "direct or f.nal objectives" concernecl with

production of comrnodities and services, and "indirect" ot' "instrurnental objectives,', which

are the llìeans and tools that have to be created and ernployecl to reach a clirect objective.
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Appropriate planning fot' water lesoüïces projects rnight invoive, for exarnple, the expJìcit

c.onsideration of both buclgetary ancl socio- econornic ancl political uncertainties, ancl the ciy-

nallric physical and socia] resPonses which occ.ur following rnajor water resouïces clevelopment

projects. In this thesis an atternpt has been rnacle to recognize ancl incorporate buclgetary,

social-technical, econornic and political factors uncertainties in the general pianning phases

but rnore particularly in the investrnent planning phase.

3.1-.3 Flanning Fhases

The following general phases are adopted for the planning ancl managernent of a r¡ajor wa-

ter resources project as cited frorn American Society of Civil Engineers (ASCE, ßT4 ¡: l)
Establishment of goals arzd objectiues, 2) Problem identifi,cati,on and artalysis, B) ,solution,

identification and impact asse.s.cn¿ent, 4) Formulation of alternati,ues ar¿d, ar-talysis, S) Deci-

siort'.s, 6) Implementation, and 7) O¡teratiorz and mønagement (detailecl description can be

found in Goodman, 1984). The rnethods of water ïesources planning which fit within this

structure range frorn fairly simple techniques employing substantial professional judgment to

sophisticated mathernatical optirnization approaches ( Goodrnan, 1 g84).

The seven phase of planning definecl bv ASCB can be expandecl to accornoclate the neecl

to consider buclgetary and socio-technical, economic and political uncertainties expücitiy in

the planning processes.

The following extended planning phases aÌe proposed to enable the planner to hanclle,

rnore colnprehensively and realistically, a cornplex water ïesouïces planning probiern, espe-

cially for investment planning under uncertain environrnent.

7. Establisl¿ment of goals and objectiue.s . Any public investment relatecl to water ïesources

cleveloprnent has to reflect the broad national ancl regional clevelopment objectives in

terrns of the planning horizon considered:

ø Lon'g Tenn Deuelopntent Objectiues. Bvery river basin clevelopment plan ¡rust

conform to the objectives of long term pians for national as well as regional

cleveloprnent in those areas in wirere the projects are being clevelopecl.

ø Medi'um Tern¿ Deuelopm,ent Objectiues. Every river basin development activity
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must conforrn to the objectives of rnedium term plans Ì:oth nationally ancl region-

aliy' These urediurn tenn objectives give specific clirection as to regional neecls ancl

potential at palticular scheduling horizons in the context of national objectives.

In interpreting this staternent it shorild be realizecl that water resou¡ces is not

an objective in itself, but contributes to the reaLization of sectoral clevelop¡re¡t

ob.jectives.

2. Preparatiort. During the preparation phase clata on all relevant aspects of water re-

soul'ces systeus are collected ancl analysed. This phase consists of three ac.tivities:

Identifi'cati'on of Problems and Measures. Identification of water relatecl proble¡rs

ancl the rnost promising rneasures, at the regional basis, in the context of the

achievement of regional and national objectives.

Artølysis of Water Dentands. In this activity the transforrnation is frorn the level

of population and econornic activities to quantities of water demanclecl to fulfill

the medium and long terrn national and regional objectives.

Analysi's of Water Supply. In this activity the natural and man rnade system, in-

cluding rainfall-runoff processes, ground water flow, erosion, water quaLity, floocl-

ing and operation of weirs and reservoirs, etc, is analysed.

3. Ider-t'tificati'on' of Alternati,ue Solutions. This stage of the planning plocess involves two

steps.

Identif'cation of Measures and Solutiotls. An inventory of possible alternative

illeasures and solutions to alleviate the regional and national problerns basecl on

the inputs of the previous steps is established. Measures and solutions can inclucle

physical or infra-structure projects (reservoirs, canals, etc.), opelational Ìlìeasuïes

ancl incentive ancl institutional orientecl rrteasuïes.

Engineering and Economic Eualuatiot'¿ of Alternatiues. Alternative measuïes are

evaluated to provicle a specific design for each possible project.

4. Selection of Projects for Specified Budget Leuels. The selection of alternative cornbina-

tions of projects given specifiecl buclget levels is undertalcen taliing into consicleration;
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5.

Multiobjective evaluation and ranking of alternative plans l¡asecl on regional ancl

national needs.

ø Multicriteria decision rnaking with specific criteria reflecting characteristics of the

problem under consideration. The socio-economic factors causing socio-econo¡ric

uncertainty at'e considelecl as criteria in this phase and incorporatecl in the selec-

tion Process. The output of this step is an optimal portfoLio of plojec.ts, basecl o¡
the preferrecl goals and cliteria for each possible buclget level at each scheciliing

horizon.

Identifi,catiort of Budgetary Clmracteristics. In this step the various levels ancl proba-

bilities of possible budget allocation are identified. Socio-economic ancl political factors

govern detertrination of the likelihood of the occurence of these various level of possible

funding. An appropriate collective opinion technique rnay be usecl to elicit numerical

assessrnents from the decision rrakers on these factors. Quantification of these factols

enable the problems of buclgetary fluctuation to be anticipatecl ancl incorporatecl in

decision making plocesses.

Prel'in¿irzary Decision The preiiminary decision plocess is carriecl in the following

tltanneI.

The "Alternative Developrnent Plans" are presentecl to the Decision-Makers to obtain

rnore precise input related to the government policies in teuns of econornic, socio-

political ancl environrnental consideration. In this process the assessrnent of lncertain-

ty in terrns of the degree and irnplication of that uncertainty rnust be reportecl ancl

displayed in a rnanner that mal<es clear to the DM the consequences of the seleciion

of each of the alternative plans. Ideally interactions with the DM are unclertaken to

check the level of satisfaction of preferred goals ancl criteria ancl to obtain aclclitional

information/inputs related to any changes in preferences ancl other influential pararn-

eters.

7 ' Final Decisiott. Once the DM's are awaïe of the irnplications of each clecisior

are satisfiecl rvith the estirnatecl perfolrnance relative to available lesources, the

clecisions on the project(s) are rnade with legal authorization.

b.

and

final
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8' Imytlemen'tatiort. In this step the budgetary plan necessary to irnplernent the projects

in an optirnal fashion in accordance with existing or selectecl strategies for staging of

developmeni is formulated.

9. Mo¡¿itoring antl Managetner¿ú. This phase is used to observe changes of the influentiai

pararnetels of project perforrnance identified in the planning process. The results of

the rnonitoring process can be used to review and revise planning clecisions in the light

of the additional new inforrnation and certainty that become available after clecisions

have been taken.

A schematic of these nine steps of water resources planning ancl iclentification of the specific.

area of this study in such an overall planning context is shown in Figure 3.1. With respect to

the classification of planning levels these nine phases of expanclecl planning can be categorizecl

as follows:

1. Phase II-Preparation, and Phase iIl-Identification of Alternative Solutions, a1e cate-

gorized as the technical level of planning,

2' Phase IV-Selection of Projects for a Specified Burlget Levei, Phase V- Iclentification

of Budgetary Characteristics, Phase Vlll-hnpleuentation , ancl Phase IX-Monitoring

and Managernent are categorized as mediurn level decision making,

3. Phase I-trstablishrnent of Goals and Objectives, Phase Vl-Prelirninary Decision, ancl

Phase VII-Final Decision are categorizecl as high level clecision rnaking.

&.2 Flanning {Ja'rder {Jrlcentainty

3.2.L Ðefinition

As identified in the previous chapter, pianning of water resouïces projects involves sorne types

of risk and or uncertainty. Projects are planned to rneet future (therefore, uncertain) neecls,

using water ancl related land resoul'ces which are thernseives characterizecl by uncertainty.

Furtherrnore, since anv project is a part of the econouric anci social environrnent it is also

afec.ied by the rnany chance factors inherent in that environrnent. Future projections ancl
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Figure 3.1: Nine-Steps of Water Resources Planniag
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assessûlents of these factors, all of which influence the perforrnance of a project, are subject

to high chance variations and uncertainties.

Random valiables involved in any decision in water lesources systerns are often related to

three terrns: risk, reliability and uncertainty. ln orcler to for¡rulate planning moclels to hanclle

the unc.ertainty it is necessary to clearly define these terrns. In this stucly, the definition of

the first two of these given by Yevjeviclì(1983) is aclopteri.

Ri'skis clefinecl as the exceedance plobability) or norì-exceedance probability, of a clecision

value of the critical randorn variable. However, the econornic risk rnay be also c.onceivecl as

the product of the above probabiüty and the consequence (value, clarnage, ancl loss) clue to

the occ.urence of the event.

Reliability (assurance)in clesign of a project rnay be clefinecl as the clifference between

factor of one (iuplies a condition of full assurance) ancl the risk probability, or otherwise.

Definitions of un'certainty are rnuch less uniform than deflnitions of risks ancl reliabiüty.

In sorne of the US governmental clocuments, e.g., US Water Resources Council (1g83), un-

certainty is defined in terms of non-quantifiable phenornena, while risk is clefinecl in ter¡rs

of quantifiable randorn variables. For exarnple, the projection of population growth may be

c.onsidered a non-l'epetitive event, difficult to forecast or quantify, ancl is therefore part of

unceltainty' On the other hancl, the annual precipitation of a future year being repetitive

can be quantifiecl, so it is part of the risl<.

However, the clefinition of unc.ertainty above exarnple shows a high arbitrariness (yev-

jevic.h, 1983), as a result of the concellts of "r'epetitive" and "nonrepetitive" variabies or

"quantifiable and "non-quantifiable" variables. Yevjevich (i983) subsequently argues that

any ranclom variable, derived either frorn nature or related to hurnan activities, once iclen-

tified ancl clearly defined should be subject to some level of quantilication by measulernents

or clata coliection and that it is therefore difficult to accept a clefinition of uncertainty which

is basecl upon eithel repetitiveness 01' power of quantification. True risk always refers to the

unknown probability of occurence of randorn variables. In this context, Yevjevich conclucles

t'ha| uncertai,nty becomes closely related to the unknown risk, in which case uncertainty

sho'ld be deJinecl in terms of the lack of knowledge on the risk.

Another defrnition for uncertainty is given by Rowe (tg7z) who notes that uncertain-
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ties are not only relatecl to randorn, 'but 
also to deterrninistic features such as the lacl< of

knowleclge' Rowe (1977) conc.ludes, that there are three types of uncertainties: a) ¡roclel

uncertainty (descriptive uncertainty); b) palarneter uncertainty (estirnation or rneasurement

uncertainty); and c.) natural uncertainty (clinatic changes, econornic changes, even social ancl

environmental changes).

3.2.2 Types and Sources of Risk and {Jncentainty

A number of types ancl sources of risks and uncertainties occur in the natural, economic anrl

social envitonments of water lesouÌ'ces projects, especially irrigation projects that generally

involve three subsysteus. Based on the Chaturvedi (1992) clefinitions, these subsystems

ale: the watel control subsystem, involving efficient collection and clistribution of irrigation

water to, and efficient removal of drainage water frorn, the farms; the agricultural procluction

subsystern, involving the efrcient cornbining of water, seecls, fertilizers, enetgy, machines,

labor, and rnanagernent for production of food ancl fiber; ancl the agricultural rnarketin¡ç

subsysteu, involving efÊcient collection and transportation of procluceci foocl and fiber to

rnarl<ets ancl processing. There are basically two types of risks ancl uncertainties that have

the rnost influence on irrigation projects. These are: physical-environmental uncertainties

which mostly affect the first type of subsystem and socio-econornic ancl political uncertainties

that mostly affect the second ancl third types of subsystern, i.e., the agricultural procluction

and rnarketing subsysterns.

In terms of the pianning phases described previously, each planning phase of water re-

sonlces projects, is directly or inclirectly afected by these uncertainties. Physical uncertain-

ties such as water supplv, floocls, natural disasters, geophysical environrnent ancl watel quality

and socio-econornic uncertainty such as level of water clemancl clerivecl, for example, fi'orn how

rnuch of an irrigation project is being used, may affect the technical level of planning phases.

However, ahnost all types of socio-economic uncertainty such as buclgetary fluctuation, ben-

efit overestirnation, cost underestirnation, public rejection/participation, political obstacles,

environrnental rnisjuclgement and legal cornplications effect medium levels of clecision rnaking,

e.g., Identification of budgetary Characteristic in the planning phases. However, only socio-

econornic uncertainties such as budgetary fluctuations and socio-political obstacles influence
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high levels of decision rnaking in the planning phases, e.g, Final clecision.

3"2.3 Aggnegated and Specific Rislcs fon F{ígh T,evel l}ecisior-r

Making

The high level clecision rnaking plocess, regardless of the type and soulce of risks ancl ¡n-
certainties, requires a reduc.ed nurnbel of aggregated and specific risks. Fr.om the point of

view of a high level DM, risl<s are attractive for final decisions if they can be aggregatecl ancl

evaluated on the basis of benefit and cost terrns. Aggregation ancl evaluation of risks ancl

uncertainties in this way enable all the components of the system to be evaluatecl on the basis

of whether they would perfonn as planned or designecl, and whether the benefits an{ costs

would depart frorn the predicted values.

As conclucled by several researchers, €.g., Lutz and Cowles (1971), Goicoechea et al.

(1982), Dandy (1985) and Tung (1992), two sources of risks ancl uncertainties exist, narnely:

1) internal factors such as incornplete knowleclge ancl insufficient information on the system

being planned, for exarnple, underestirnation of enginering cost because of insufficient infor-

rnation on site geological forrnations, and 2) external factors beyond the control of the DM

or planner, for exarnple, the randorn nature of natural phenornena, e.g., rainfall, floocl, etc.

Basecl on the above assertion, the unc.ertainty inherent in the Benefit-Cost analysis pro-

cedule is adopted as an aggïegated risk in this study. This choice is clue to its capacity to

aggregate physical ancl econornic uncertainties inherent in the water control subsystem sirnul-

taneously as long as their irnplications can be measured in uronetary terms through þenefit

and cost components. Detailed dicussion of this issues is providecl in the next sections.

In addition to the overall aggregated risks ancl uncertainties described above in certain

cases lnany decision tuakers also have to consider the specific risks ancl uncertainties of the

[rost inlluential parameters inherent in both the agricultural production ancl marketing sub-

sYsterns which are critical in the final decision making pïocesses of investment planning. This

concern is particularly relevant for the case of cleveloping countries in which water resouïces

investnent planning, and hence water resouïces management as a whole, has ernphasizecl

only the engineering and economic factors of the water control subsystern ancl is generally
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unclertaken by governrnent through a centrally plannecì ancl funcling policy. Basecl on the

experience fi'om planning, irnplementation and operation of water ïesoulces projects in In-

donesia (Sutardi, 1988, Sutarcti et al. 1991a ancl 1991b, ancl Sutarcli ancl Goulter, 1gg3) ancl

Inclia (Chaturvedi, 1992), it can be concluclecl that the success of a1l water ïesour.ces man-

agement systerns relies heavily on the cooperation of water users or. people affectecl by water,

e.g., farrnels using irrigation, dornestic and industrial water useïs, fisherrnen, resiclents of

floodplains. The key factors for such success generally involve: 1) soc.ial ïesllonses following

completion of rvater t'esources projects in terms of understancling, support, coopelation, ancl

participation of water users in specific objectives of cleveloping ancl operating projects such

as irrigation, watet supply, floocl control, recreation, etc., ancl 2) the availability of buclget

for inrplementation of water resources projects. Furthermore, articles by Lutz ancl Cowles

(1971) and Hanke and Walker (I974) provicle eviclence that the first factor also afec.ts water

I'esources projects in cleveloped c.ountries.

Based on the above discussion, the other types of uncertainty inherent in water lesouïces

projects narnely, uncertainty in the budget availabÌe for water ïesources project in any tirne

period, and social tesponses following cornpletion of plojects, are consiclelecl as the speciäc

uncertainties in this thesis.

3.2.4 Quantification of Risks and lJncertainties

The most clifficult problern faced by planners wishing to consicler uncertainty in a fomral or

rational sense is the quantification of risks and unceltainties. Accorcling to Yevjevich (1g8J),

this problerr may be considered accomplished when the appropriate probability clistributions

are estinated for the key ranclorr variables that underlie the risks. However, these estirnates

are thernselves subject to uncertainties in terms of estimation of risk properties. Uncertainty

rray be considerecl partially quantified when the conficlence lirnits for any clec.ision-affecting

variable value can be estirnated.

Actual quantification of risks ancl uncertainties shoulcl inclucle: i) iclentification of souïces

of risks ancl uncertainties specific to benefit ancl cost palameters, ancl 2) clerivation of proba-

bility distributions of the risk variables by objective probabiLity approaches or by subjective

approaches such as the possibility ratings technique.
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Two basic approaches used in this thesis for cluantiflcation of uncertain pararneters are:

ø Literature searc.h for selec.tion of probability distribution functions ancl reliable rnethocls

for estirnation of pararneters of ranclou variables involvecl. This step implies defining

the risks and tlie confidence lirnits for specific values of the rish-relatecl ranclorn variables

as uncertainties in quantitative statements (Taylor et al., 1g7g).

ø Developrnent of new apploaches for quantification of specific uncertainties which are

not well coverecl in the literature. In thjs study, specific. approaches for quantification of

soc.ial resPonses ancl quantification of characteristics of buclgetary fluctuations, baseci

on a cornbination of an intuitively-basecl (subjective) rnoclel with a collective opinion

technique, fizzy set theory and a statistical rnoclel are clevelopecl.

The next three sections will address iclentiflcation of soulces of the aggregatecl risks reflectecl

in the net present value of benefit (NPVB) and the specific uncertainties, e.g., social factors

and budgetary uncertainties that affect wateÌ Ìesouïces projects.

3.S 1n NPVtsAggregated Llncertairaty Inhenent

lndicator

The basic characteristics of any project, including water resouïces projects can be clefinecl as

benefit, cost ancl risk. These characteristics can be conceivecl as mutually interactive. It is

not possible to change any one of the three cornponents significantly without changing the

other two. It might, however, be arguecl that project characteristics other than benefit, cost

or risl< rnight be incorporated into one or more of these three basic characteristics by the

appropriate rnethods of analysis.

Ecotlomic perfonnances of projects are traditionally evaluatecl basecl on cleterministic

Benefit-Cost analysis procedure. The indicators of economic clesirabiJity of a project corn-

rnonly used are: benefit-cost ratio, net present value, annualizecl net present value, internal

rate of return (IRR), and the project payback periocl. Theoretical exarnination of these incli-

cators show clearly that net present value and annualized net present value have the fewest
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computational and econornic. pitfalls when evaiuation of a project's econornic clesirability is

sought (Eckstein 1958; Au 19BB). Basecl on this assertion, the net present value of benelit is

acloptecl in this thesis as the basic economic indicator.

In acldition to the neecl to deterrnine the rnost appropriate econornic inclicator there is also

a neecl that this indicator be sufficiently representative to aggregate various types ancl sources

of uncertainties that might affect water resouïces projects whether they are physical o¡ non-

physical (soc.io-economic) in nature. In water ïesources projects the Benefit-Cost analvsis

Procerlure is subject to significant uncertainties in quantifying benefits ancl costs. Extensive

research related to how couponent of benefits and costs are affecteci by various types of risks

and uncertainties can be found in, e.g., Lutz and Cowles (1971), Goicoechea et al. (1g82),

Dandy (1985) and Tung (1992). It can be concluclecl frorn these stuclies that the irnpacts

of any type and source of unc.ertainty are actually incorpolatecl in either benefits or c.osts

parameters' Since the net present value of benefit (NPVB) consists of the subtraction of two

random variables i.e., benefits minus costs, NPVB is also a ranclom variable. Such assurnption

(tlìe NPVB criterion as a randorn variable) enables aggregatecl uncertainty inherent in each

component of benefits and costs to be incorporatecl in project selection clecision making

pÌo cesses.

However, in certain cases it rnay not be possible to quantify the implications of some

risks and uncertainties explicitly in tenns of benefit and cost pararneters. The specifrc uncer-

tainties which rnight fall into this category include social aspect uncertainty ancl bucigetary

uncertainty. In such cases rnultiobjective and multicriteria analysis are requirecl.

The following two sections are devotecl to adclressing detail those specific uncertainties.

3.4 Social Aspect {Jr¡certairaty

In this thesis, uncertainties related to socio-technical and political factors will be aclclressecl

with the reference to the nature of the problerns involvecl in water resouïces cleveloprnent

in Inclonesia, ancl therefore rnay be quite seem as being "problem spec.ific". I{owever, the

general factors and even sorne of the problem characteristics can occur. in other areas.

Uncertainties relatecl to social aspects inherent in the agricultural procluction ancl rnar-
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keting subsystems are irnportant and possibly the rnost cliflicult factors to recognize in water

resources planning. Although the impacts of this type of uncertainty coulcl be reflectecl in a
quantitational econornic. inclicatol such as Net Present Value of lJenefit (NPVB), there ale,

ltowever, sorne strong leasons why, in certain planning environrnents, social aspects shoulcl

be consideled separately and explicitly. These reasons are:

1. Some of the causes of socio-technical and political factor uncertainty, such as the ex-

perience ancl ability of farmers to exploit new technoiogy such as tecirnical irrigation

schemes, cannot be quantified in rnonetary terrns. Their presence cannot, therefore, be

detectecl through the traditional Benefit-Cost analysis.

2. There is a need to develop a quantitative approach to estimate the rnagnitucle of public

participation and social response following the cornpletion of water resoulces projects

in order to use this information for investrnent decision rnaking plocesses.

Experience with water ïesources development in Indonesia cluring the last two clecacles (Su-

tardi, 1988) rnight be used as an illustrative example for the existence ancl irnplication of

socio-technical and political uncertainties in real life problems.

Irrigation developrnent in Indonesia has traclitionally addressecl not only objectives relat-

ed to econornic efficiency but also non-economic objectives relatecl to national agricultural

poücies. "Non-economic" objectives in these development policies inclucle: 1) uaintenance

of self-sufficiency in rice-production by both intensification of existing procluction through

upgrading of existing rice flelds and by extensilication of procluction through cleveloprnent of

new rice field areas in less developed regions off Java, and 2) support for the transrnigration

ploglaûì and thereby simulation of regional development.

I{owever, inspite of this rnultiobjective deflnition of the problern, irrigation projec.ts in

Inclonesia have generaily been selected by proceclures clorninatecl by traclitional Benefit-Cost

types of analyses and have experienced considerable clelays in reaching the level of clevel-

oprnent and beneiits anticipated for those projects. In this latter case, the problem seelns

to be closely related to an inappropriate or incornplete analysis of the socio-technical ancl

political aspects and budgetary constraints. It should be notecl, however, that such problerns

exist everywhele especially in developing countries. Studies carried out by several researcher,
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governlnent agencies, and donor agencies documented by Bower ancl Hufschrniclt (1g84), alcl

Chaturvedi (i992) show the following observations: 1) Water resources rnanagernent is often

defined too narrowly in terms of the range of rneasures consiclerecl for proclucing the outputs

that are clesired. For example, a water ïesources rnanagelnent system rnay consist primarily

of physical facilities, such as dams, canals, power plants, wastewater treatment plants, to the

exclusion of rrany other essential rneasures, such as economic incentives, regulations, tech-

nical assistance, creclit, land-use zoning, etc. 2) The planning activity, ancl therefore water

resources llìanagernent as a whole, is often too narrow in scope in that primary emphasis

is placecl on the engineering, econornic, and linancial data ancl analysis requirecl to obtain

approval of the projects. Inadequate attention is given to the clirect ancl inclirect environ-

rnental qualitity and social end effects of projects. The detailed cliscussion of the causes and

impacts of these c.ornplex inter-related socio-technical, econornic ancl political factors as well

as budgetary limitations using the Indonesian experiences as an exa¡rple is as follows:

a) The reacliness and ability of farmers in a region in which the current agricultural practice

is not lelatecl to irrigatecl rice production to adapt to very rapicl irrigation clevelopuent.

Although a tirne allowance is provided to allow a project to reach its full cleveloprnent

stage, ahnost all of cornpleted projects never reached their maximurn potential procluc-

tivity as predicted in feasibility studies due to the inter-related socio-econornic factors

as described in points b) and c) below.

b) Rice, which is often refered to "a social cornrnoclity," is at a comparative economic ciisacl-

vantage relative to alternative perennial crops such as coffee, rubber, cocoa, etc. ancl

even inland fisheries. Most farmers facing this situation therefore tend to plant these

alternative crops or develop fisheries in place of rice;

c) There is a lack of experience and ability of farmers to expioit newly completecl irrigation

ancl to sufficiently use new agricultural inputs for irrigatecl rice procluction fauning;

d) There is also a lacl< of agricultural production ancl marketing facilities ancl selvice, such

as extension services, training facilities and insufficient s'pply of agricult'ral inputs

(seed, fertlìzer, etc.).
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It should be notecl that the neecl to expand irrigation faciljties to a newly openeci agriculu-

tural area which is generaily locatecl in an unclerdevelopecl region is clue to the necessity to

maintain the quantity of the areaforirrigatecl rice fielcls. In rnany cases, especially in clevelop

regions, there are tendencies to shift land use from rice procluction to non-agricultural uses

such as urban ancl industrial area expansions, inlancl fisheries, highway network expansion,

etc. To resolve such unavoidable conflicts of interest one practical alternative of solution js

to replace rice production areas in rernote underdevelopecl regions integratecl bv ¡reans of

legional developrnent ancl transrnigration pïogÌalns. However, this alternative is not without

llroblems. One of the obvious consequences has already been desribect in the above clisc.us-

sion and the others will be addressecl in Chapter 6 (Subsection 6.2.1). As the implications

of tire socio-technical, economic ancl political interaction aspects, many hunclred thousancls

of hectares of completed irrigation and swarnp reclarnation, particularly in regions off Java,

were not utiljsed to the optimum level projected by economic analysis for rnore than five years

after completion of the projects (Sutardi, 19BB). Basecl on this fact it can be concluclerl that

investrnent outcorne on water resouïces projects not only depend upon the reliability of the

natural phenourena (rainfall ancl weather) underlying the water control subsystern, but also

on the other inter-related socio-technical, econornic and political factors which unclerlie the

agricultural production and rnarketing subsysterns. These facts suggest the neecl for explicit

I'ecognition of both ciassical econornic indicators and socio-technical, econornic ancl political

interaction aspects in the procedures used for investrnent planning of water resoulces projects

in general.

A concern to the need to incorporate social aspects into an operational rnultiobjective

planning model has been pointed out by Loucks (I}TT) as follows:

There is a need to learn much mo¡e than we know about the clynarnic physical ancl

social responses following major water resource clevelopment projects. It is in the con-

sideration ancl modeling of potential social, environmental and economic impacts of such

water resource projects that system analysts, working with specialists in other relevant

clisciplines, can make very important ancl valuable contributions.

The courbination of these observations, e.g., the real life experience with water resourc.e

planning problerns in Inclonesia (Sutardi, 1988, Sutardi et al., 1991a, anrl Sutarcli anrl Cìoulter,
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1993) and other developing countries (Chaturvecli, 1992) ancl Loucks's statement (1g77)pro-

vicle evidence for the neeci to incorporate social aspects into a formal multiobjective planning

model.

8"5 tsudgetary {Jmcertainty

As mentionecl earlier, there is often a need to recognize the specific uncertainty relatecl to

flrictuations of future budget available for investment. Such a buclgetary uncertainty exists

anywhere affecting not only water resource project investments but also project investrnents of

other sectors whether they be in developed countries or in developing countries. To illustrate

the existence of such budgetary uncertainty problerns in developecl countries, a goocl example

rnay be the Hvbernia project in Newfoundland, Canada (Winnipeg Free Press, 1gg2). This

on-going oil reflnery megaproject, whic.h was started three years ago, has been reschecÌuled

due to an unexpected sudden drop in funds available for construction. As a consequence

the project cornpletion periocl has to be extendecl. Although such buclgetary uncertainty

problerns rnay exist anywhere, their irnpact is rnore exaggeratecl in cleveioping corintries. The

ultirnate impact of such budgetary uncertainty is the reduction, or in the case of project

cancellation the total loss, of anticipatecl benefits accrued from the affec.tecl projects. In

developing countries such delays or cancellation rnay result in severe sociai clisruption.

Planning for development of water resouïce projects has actually been perforrnecl uncler

an envilonrnent of buclgetary lirnitations and /or uncertainty for rnore than four clecacles.

This assertion is supportecl by the following staternent quoted from Bckstein (1g58):

The uumber of resource clevelopment projects which local interest ancl fecleral agencies

might clesire to builcl in any period will always exceecl the number for which funcls can be

actually be macle available. Cornpeting claims for money within the federal buclget ancl

ihe difEculty of increasing the general level of taxation impose a limit on the total f¡ncls

available for water-¡esource development. Thus choices among projects are unavoiclable.

To some extent, politics will cletermine what ¡rrojects will be undertaken, but there musi

also be general stanclarcls by whicli projects can be appraised and comparecl,

However, in the rnid 1970's consideration of budgetary uncertainty was still unsatisfacto-
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rilv handled as indicated by the staternent of lrleely and Nortir (1g76) that:

The lack of information on future projects ancl budgets couicl present the greatest chal-

lenge to an operational programming rnoclei.

It rnay be noted that, up until now, there is still no moclel/approach available to aclclress

budgetary uncertainty problems aclequately in water resources planning.

To cornplete the illustrations of the causes and impacts of budgetary uncertainty to water.

lesource projects in cleveloping countries, it is important to exarnine the real life probler¡s

associatecl with bucigetary uncertainty facecl by the planners in pursuing water resouÌces

clevelopment in Indonesia for the last twenty yeaïs.

There are two sources of fi.nance for the Governrnent of Indonesia's (GOI's) cleveloprnent

expencliture: i) internal funds which are rnostly derived frorn oil ancl gas export revenue, ancl

ii) external funds, which are borrowed from cliferent institution ancl countries. These clevel-

opment funcls are then allocated to the twenty six (26) cornpeting sectors for cleveloprnent,

of which six sectors (Agriculture-Irrigation, Industry, Mining and Energy, Tlansportation

ancl Cjomrnunication, Transrnigration and Regional Development, Urban ancl Rural Develop-

rnent) have historically been allocatecl rnost of the cleveloprnent funds. However, the worlcl

oil price fluctuations over the last ten years and the changing of priorities of governrnent

funding allocation arnong various cornpeting sectors arising frotr a nurnber of factors such as,

achievement of self-sufficiency in rice productions, and the decreasing contribution of agricul-

ture sector to Indonesia's Gloss Dornestic Procluct (GDP) have caused the budget available

to be allocatecl for water resources developrnent to becorne rnole uncertain than before. Such

budgeiary fluctuations and priority changes severely restrictecl the CIOI's ability to continue

funcling aÌl of its ongoing projects sirnultaneously. Many hunclrecl of rneclium projects were

therefore reschecluled and sorne postponed.

The conceptual frarnework for how the rnost influential socio-technical, economic ancl

politicai factors affec.ting the prediction of the ükelihood of future buclget availability are

incorporated in the proposed approach is described in Chapter 5 Subsection 5.b.2. The

irnplications of the specific budgetary uncertainties that affect wateï ïesoulces projects in

Indonesia are describecl in detail in Chapter 7 Subsection 7.I.I.
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4"1'.t ïnclusion of, {Jncentainty ir¡ Eenefit-cost ,&nalysis

Inclusion of uncertainty within benefit-cost analysis in the planning of water resources de-

velopment has been receiving increasingly greater attention. However, relatively few articles

on the subject can be found in the literature, particularly in comparison with the work on

inclusion of uncertainty in water resouïces operation and management. There has been con-

siderable concern as to the importance and relevance of this issue, but very little has actually

been done in real terms on the methodology of decision making and its impacts in practice.

A review of the regulatory and advisory activities on inclusion of uncertainty in decision

making for water resources projects within the USA governmental agencies and councils over

the last 30 years supports this statement (Goodman, 1g84)
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In addressing the problem of incorporating uncertainty into water resource investment

decisions, Eckstein (i958) and the U.S. Inter-Agency Committe on Water Resources (1958)

suggested general adjustment of influential parameters on Beneflt-Cost analyses. Such ad-

justments are in the form of: a factor added to the interest rate, ovelestimation of costs,

and underestimation of benefits, or limitation of the period of analysis. However, as noted

by McKean (1958) and Margolis (1959) these adjustment methods "miss the major prob-

lem". Both authors argue that responsible government agencies must seiect the best possible

projects and this choice should be "affected not only by the expected values of the projects

but also by the probabilities of a range of benefits and costs, i.e., a measure of variability.,,

A review at the beginning of the 1960's of the literature concerning the incorporation of

uncertainty reveals that the problems related to the consideration of uncertainty had been

unsatisfactory resolved. The question of uncertainty remains so unclear that Eckstein (1g58)

admits these difficulties and concludes

I am sure that enough has been said to indicate that this particular problem is far from

a solution. In the meantime, judgment methods must be used, whether verbal or formal,

with the identification of the major contingencies and some provision being made against

them constituting a minimum program for the design of reasonable decision procedures

in the face of uncertainty.

A review of the more recent literature indicates increasing concern and apprehension

on how to incorporate the effects of risks and uncertainties into various aspects of decision

making in planning and operation (Goodman, 1984). Although authorities, e.g., Hirschman

(1967), Linblom (1968), Howe (1971), Mack (1971), Kaynor (1978), U.S. General Accounring

Office (1978)' are not in agreement on what to do about uncertainty, options under consid-

eration are: teduce it, ignore it, avoid it, or analyze it in mathematical terms for planning

purposes. However the U.S. Water Council (1983) provides explicit guidelines on how un-

certainty should be handled (for detail refer to Chapter 2 Subsection 2.1.1). This document

a.lso lists the following methods for deal-ing with risk and uncertainty and provides addition-

aJ guidance on project evaluation: 1) collecting more detailed data to reduce measurement

error' 2) using more refined analytical techniques, 3) increasing safety margins in design,

4) selecting measures with better known performance characteristics, 5) reducing the irre-



versible or irretrievable commitments of resources, and 6) performing a sensitivity analysis

of the estimated benefits and costs of alternative plans.

Major (1977) recommends "airing" the problems of uncertainty in an "open" planning

process involving governmental and non-governmental organizations and individuals with

different points of view. He also points out that general adjustments tend to obscure the

differences in uncertainty that characterize different parts of a program or project when they

are applied to all projects and programs. Major prefers instead to make explicit assessments

of the degrees of uncertainty prevailing for different aspects of programs and projects, and

to present these to participants in the political process. For example, the component of a

project that would make provision for future recreation demands might be worthwhile, with

very little uncertainty about the general level of future demand, whereas the component of a

project dedicated to the supply of irrigation water might have very uncertain merit because

of the dependence of its success on agricultural support decisions elsewhere in the system or

abroad.

The following comments by Wiener (7gT2) are convincing:

Attention is drawn to a type of optical illusion to which most of us are prone, namely

underestimating the eúent of uncertainty. When reviewing possible outcomes, we are

not usually in a position to list all factors that may modify our future assumptions or

to ideniify all unpredictable future developments; furthermore, we also tend to neglect

influence from outside the system that may bear upon outcomes within the system. As

a consequence we tend to underestimate the importance of low sensitivity of outcomes

and the value of decision or action liquidity.

Other studies have underlined both the importance and difficulties of treating uncertain-

ties inherent in Benefit-Cost analysis procedures and offer some measures to deal with the

problems. Such studies include Lutz and Cowles (7971), Mercer and Morgan (1g75), Taylor

et al. (1979), Haimes (1980), Goicochea et al. (1982), Dandy (1985) and Tung (1992) as

discussed in Chapter 2. Almost all of these studies (except Lutz and Cowles, 1g71) rely

on subjective (expert) estimates to specify the "pessimistic," "most Likely" and "optimistic,,
values of the benefit or cost. Lutz and Cowles (1971), on the other hand, propose a rather

unique procedure for incorporating uncertainty in beneflt-cost analysis. The technique in-
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volves a contingency index to correct any consistent bias of the benefit-cost ratio resulting

from overestimation and underestimation of the benefits and costs. The important feature

of the Lúz and Cowles (1971) technique relevant to this study is that the statistical param-

eters for this correction, which are determined based on the past performance of completed

projects, could be used as factors of corrections in estimating future performance of similar

projects.

The most recent study on probabilistic approaches to B/C analysis has been reported

by Tung (1992) who investigated which probability distribution is most appropriate when

approximate methods such as FOSM is used to estimate the statistical moments of the net

benefit and/or the B/C ratio instead of the exact analytical probability distribution as pïo-

posed by Goicoechea et al. (1982a). Tung (1992) concludes that the normal distribution

is suitabie for modelling the net benefit and lognormal distribution for the B/C ratio. The

reasons for such choices are as follows: i) both distributions provide an acceptable accura-

cy relative to the exact numerical integration, and ii) both distributions require the least

computational burden relative to other distribution functions.

Inspite ofthe considerable work that has been done to incorporate uncertainty in Benefit-

Cost analysis, problems of projects selection under uncertain Net Present Vaiue of Benefit

(NPVB) and uncertainBlC ratio have not yet been addressed fully. The following Dandy

(1985) statement supports this assertion:

The question of how to choose between a number projects, each with an uncertain

benefit-cost ratio, needs to be addressed in future works.

4.'X'.2 Strengths ar¡d Wealcnesses of, Ðxístíng Stochastíc Mod-

els

The Needs for Stochastic Ðecision Models

Results of statistical analysis of economic criterion are not significant for decision making

within themselves. For example, information about a mean outcome and standard deviation

of benefits of a project without some basis for comparison will not generally provide an

answer to the question of the economic acceptabiüty of a particular water resources project
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(Taylor et al., 1976). However, statistical parameters are useful when a number of projects

are compa ed with one another. One project may have a higher mean outcome than another

but it also may have a higher standard deviation indicating a greater amount of risk. The

problem then becomes one of policy. Which is more preferable - the lower risk or the higher

expected outcome? To solve this dilemma, specific decision rules which reflect society's or

the DM's preference on risk i.e., "risk taker" or "risk averter," must be formulated. It should

be noted that a distinction should be made in deveioping decision rules for private and public

investment. The latter might involve non-economic objectives in which speciai treatment is

required in evaluating risk of such objectives. For example, preferences toward uncertainty

may be elicited from a large number of assessors through political processes. In this case, a

collective opinion technique is required. The following discussion is devoted to address the

strengths and the weaknesses of the stochastic decision models most relevant to the problems

of water resources investment planning in uncertain environment addressed in this study.

Froblem Characteristics

fn assessing the usefulness of the existing techniques, it is important to recognize some dom-

inant characteristics of the problems at hand and the limitations of the existing techniques.

As mentioned earlier, water resources investment planning problems are characterized not

only by traditional engineering problems, in which past observations could be used to esti-

mate future events, but also by non-traditional probiems such as socio-economic and political

factors. In the later case, past observations cannot be used solely to estimate future event.

Intuitive approaches in the forms of: subjective inputs, insight, understanding, and ranking

of priorities may be required (Drucker, 1973, and Saaty and Vargas, 1991). On the other

hand, most existing stochastic techniques rely on a mechanistic model, and hence their appli-

cations are ljmited to those cases where the quantitative estimation of modelling parameters

are available.

In response to these limitations, the integration of both mathematical and subjective

models is proposed for the purpose of understanding and predicting the behaviour of com-

plex systems inherent in water resources investment planning. Further descriptions for the

requirements of the proposed approach is given below.
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Evaluation Criteria/Mo del R.equirements

The nature of the uncertain environment underlying water resources investment planning

problems under consideration requires that a useful stochastic approach satisfy the following

eight criteria:

1. Sequential Decision Process: The definition of planning indicates that it is essen-

tially a sequential decision process. Resources are committed to various activities at

given points in time in such manner that the overall effect of all decisions is optimum.

Therefore, the model should constitute, or reflect, a sequential decision making problem

in which the latter decision can be influenced both by earlier decisions and by outcomes

of the stochastic parameters whose values only become known to the decision maker

after the earlier decisions have been taken;

2. Recognition of the Causes and Effect of Uncertain Parameters: The model

must provide a means of explicitly recognizing and incorporating socio-economic ancl

political factors that ultimately affect the level of budget availability and the probabil-

ities /possibilities of those levels occuring. The model should also be able to provide a

conceptual framework to dispiay how the most influential socio-economic and political

factors affect the prediction of the likelihood of future budget availability;

Sensitivity Analysis of lJncertain Farameters: Since some of the probabilities

in 2) above may have to be defrned very subjectiveiy, it must be easy to perform a

sensitivity analysis of the effects of changes in those possibility ratings;

Capable of Handling Multiobjective-Multicriteria Analysis: The model should

be capable of faciljtating the application of a detailed optimisation model within each

scheduling horizon (time period) to handle the other types of uncertainty not able to

be considered in the stochastic sequential decision making process. This detailed opti-

misation model should be able to address such multiobjective and multicriteria issues

as achievement of socio-economic goals which are not able to be suitably quantified as

part of the sequential decision making process itseif.

t).

4.
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7.

Flexibility: The model should have flexibility in terms of : 1) providing a guide for

extreme situations, e.g., if the actual funding level is signiflcantly greater or less than

that anticipated, and 2) a flexibility which allows application of the other frameworks

suitable for purposeful systems rather than being limited to mathematical rigor;

Collective Opinion ,A.pproach: The model should capable to incorporate a collective

opinion technique to elicit assessments on critical issues from a group of DM, or a large

number of assessors through political processes.

Measures for Handling Imprecise Input Data: The model should be able to

handle imprecise (frzzy) input data, "soft" (qualitative) data, imprecision of target and

goal settings, and imprecise specification of preferences which are generally inherent in

water resources investment planning.

8. Computationally Efficient: The model should be computationally efrcient, or at

least tractable, in handling real life problems which are usually of large dimension. The

model algorithm complexity and the involvement of the DM in the interactive decision-

making steps should also be kept at reasonable levei to make the model attractive to

the DM.

A summary of the evaluations of the existing Stochastic Programming including the proposed

model, i.e., SDDP-FCCIGP, with respect to eight requirements/ criteria suitable for the

problems under consideration is given in Table 4.1. Among the edsting stochastic model

being evaluated, the last flve models, i.e., Mean-Variance approach, MQTAD, TARGET

MOTAD, PROTRADE, and STRANGE, appear to have the most relevant characteristics to

the problems examined in this study. Thus a more detailed examination of these approaches

foüows.

Mean-Variance Approach

This approach was proposed by Markowitz (1959) for portfolio analysis. The study considers

maximization of a utility function with respect to two criteria, namely, expected income

and its variance. An efficient solution is defined as a feasible solution such there is no other

5.

ct.
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Table 4.1: Evaluation of Existing Stochastic Programming and Proposed Model for

Problem Characteristics Under Consideration

ATTRIBUTES
TECHNIQUE Sequen Reco6 Sensi- Compu- Multi Flexi- Collec Fuzzi

-tial -nize tivity t¿tion Objec bility -tive -ness

Deci- Unce¡ Anal -alÌy -tive Opinion of
sion -t¿in -ysis Eff- Tech- Inputs

Making P¿ra- cient nique Dat¿
meter

1 Ch¿nce Constrained Yes Yes No No No No No No
2 Two Stage Linear Yes Yes No No No no No No
3 Stochastic Line¿r Yes Yes No No No No No No
4 Discrete Stoch¿stic Yes Yes No No No No No No
5 Decision Tree Yes Yes No No No No No No
6 Stochastic Decision T¡ee Yes Yes Yes No No No No No
7 Decision Making Yes Yes No No No No No No
8 Focus Loss Constrained Yes Yes yes No No No No No
9 Mean-V¿¡i¿nce approach No Yes Yes No No No No No
10 Mot¿d No Yes Yes No No No No No
11 T¿rgeú Mot¿d No Yes yes No No No No No
12 PROîRADE Yes Yes yes No yes yes No No
13 STRANGE Yes Yes yes No yes yes No No
14 SDP-FCCIGP Yes Yes Yes T¡¿ct¿ble yes yes yes yes

Note: Detailed description of each attribute is given in Subsection 4.1,2

feasible solution that can achieve the same or betteï performance for a1I objectives. Collection

of efrcient solutions is defined as an efficient set. One of many appïoaches to generate such an

efrcient set in this method is by minimization of the variance while specifying the expected

income as a parametric restraint. The approach involves non-linear programming (quadratic

programming) and is computationally intensive since it requires consideration of the various

combinations of correlation among project investments.

In evaluating the performance of a decision model, it is necessary to evaluate the stochastic

effi.ciency of the results of such model. One set of alternative decision rules to mean-variance

analysis advocated in the literature is stochastic dominance. The most general form of s-

tochastic dominance makes no assumptions about the form of the probability distribution of

returns' It only needs definition of efficient sets under assumptions about the general char-

acteristics of investor's utility functions. There are three progressively stronger assumptions

of investor behaviour that are employed in the stochastic dominance literature (Anderson

et al., 7977). These assumptions lead directly to first-, second-, and third-order stochastic

dominance. First-order stochastic dominance assumes that an investor pïefers more to less.
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Second-order stochastic dominance assumes that, in addition to investors preferring more to

1ess, they are risk averse. Finally, third-order stochastic dominance adds to the two assump-

tions of second-order dominance, the assumption that investors have decreasing absolute risk

aversion. With respect to this stochastic efrciency criterion, the results clerived from this

approach are not necessarily second-degree stochastic dominance (SSD). If returns aïe nor-

mally distributed then the solutions of this approach are SSD efficient (Levy and Hanock,

1970). In addition to these limitations, due to a heavy computational burden and serious

dimensionality problems this model is also not suitable for handling the sequential problems

characteristic of the planning problem.

Minimization of Mean Absolute Deviation (MOTÁ,D)

In this approach Hazell. (1971) has shown how the Markowitzean mean-variance approach

invoiving non-ljnear programming (quadratic programming) can be substituted by minimiza-

tion of mean absolute deviations about return (MOTAD). This approach enables an orclinary

LP model rather than quadratic formulation to be used.

However, as for the mean-variance approach described above, the MOTAD results are

not necessarily SSD efficient (Tauer, 1983). Furthermore, since it imposes a computational

burden, this ünear model is not an efficient approach for handling sequentiai d.ecision making

problems.

TAR.GET MOTAD

This approach, which was pïoposed by Tauer (1983), establishes a target level of return

7, allowing a deviation Yp below T for state of the nature of the rrä period. Two objec-

tives, maximization of expected gross margin, and minimization of aggregated deviation, are

considered. The efficient set is established following a constraint method approaches.

The Target MOTAD model generates a subset of feasible SSD solutions. However, Tar-

get MOTAD does not provide means of exploring the dispersion of the random variables

explicitly. Furthermore, predetermined target levels, and probability that a state of nature

or observation r will occur, may be difficult to specify quantitatively. As with MOTAD

approach, this model also sufers from computational burden problems, especially when it



dealing with sequential problems.

PR.OTR",&ÐE

In spite of its generality, e.g., it can be applied for linear as well as non-linear constraints,

and the general distribution for the random coefficient of the linear objectives, PROTRADE

is not free from problems. These problems are partly associated with general conceptual and

philosophical issues as well as with some more speciflc problems of investment planning being

examined in this study, such as:

1. Practical construction of the utility function is often based on assumptions which are

often not satisf,ed in practice and thus limit its area of application.

2. The information is reduced to the mean value of the objective function at each step

and is not therefore able to take sufficient account of the dispersion of the values which

the objective function might take on.

3. The approach also requires intense interaction with the DM and assumes that DM has

a broad knowledge of the approach. These requirements may hinder its application to

the real world problems, especially in deveioping contries where lack of DM training in

Operations Research may become one of the limiting factors.

4. In terms of interaction with the DM, this approach requires an intensive input from the

DM or assessor in response to a complex and extensive questioning procedure. This

makes elicitation of subjective input and trade-offs analysis difficult, time consuming,

tedious and perhaps lessening the quality of responses given.

STR.ANGE

The STRANGE approach provides some advantages relative to its basic approach, i.e., STEM

(Benayoun et a1., 1971) in the following context: 1) it always gives efficient soiutions and

eliminates ambiguities in the pay-off table by including Despotin's (1984) modification; 2) it
takes into account uncertainties in the objective function by defining all scenarios as individual

criteria; 3) it eliminates the uncertainty affecting the right-hand-side (RHS) of constraints by
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using the idea of "stochastic programming" of l{all (1982). This means that a new criterion

is created taking into account the sum of penalties incurred for all the constraint violations.

As shown in Table 4.1 STRANGE satisfies the six out of the eight selection criteria listecl

in Table 4.1 for the problem in question. However, in terms of interaction with the DM,

STRANGE has the following limitations :

1' It requires information which is sufficently precise to define diferent scenarios with

associated subjective probabilities. This information is often difficult, if not impossible,

to obtain.

2. In relation to the interactive phase, it is particularly suitable for appl-ications in which

the language scenario and graphical information are easiiy accepted by the DM. How-

ever, fot the problem of water resources planning in which many hundreds of projects

must be considered, an interactive phase using graphical information can become im-

practical and cumbe some for the DM.

3. It introduces the extra criterion of a global measure of the risk of non-feasibility. The

concept of dispersion of criteria is given by comparison of the values obtained by ex-

treme scenarios. However, STRANGB does not impose the new compromise to the

DM, but instead proposes a number of possibiütes. This characteristic makes it un-

suitable for the problem being examined because the solution requires an answer to

the problems of conflicting goals and competing regional interest rather than a broad

set of alternative/possibility policies.

Besides these general conceptual and philosophical problems with the use of STRANGE for

the planning problem there are also some more specifrc problems.

1. At present there is no allowance in the formulation to incorporate (0-1) integer pro-

gramming to satisfy the requirement of "go or no go" status decision variables to avoid

fragmented project completion. Although STRANGE can be modified to accomodate

(0-1) variables, inclusion of such integer variables makes interactive phase with the DM

using graphical information becomes impractical and cumbersome since the number of

integer variables may reach many hundreds.
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2. Multi-objective issues in STRANGE are handled by parametric study and interaction

with the DM until a satisfactory solution is reached. The need for intense interaction

with DM and the requirement that DM has to be familiar with the approach in great

detail may hinder its application to the real problems, especially in deveioping countries

in where lack of training of a DM in Operations Research may become a limiting factor.

Therefore the multiobjective-multicriteria issues of the problem in consideration appear

to be best served when solved by a goal programming (GP) type analysis in which

intense interaction with DM may not be required. In the GP approach, interaction with

the DM is only required at the initiat phase, e.g., in setting goal leveis and weighting

scales, and in ihe frnal phase, when the DM makes a decision e.g., the DM is satisfied

and therefore accepts the solution or is not satisfied and reruns the model by changing

the influential parameter (Goicoechea et a1., 1g82b).

Conclusion for Existing Stochastic Models:

It should be noted that in terms of stochastic efficiency criterion, the decision rule of

stochastic dominance is not applicable to the last two approaches, i.e., PROTRADE and

STRANGE, because in these approaches utility functions or preferences of DM are explicitly

stated as decision variables in the model formulation.

In terms of their applicability to the problems of public investment planning under un-

certain environment examined in this thesis, the existing stochastic models described above

suffer from the following drawbacks:

ø They are not suitable for sequential decision processes. From a practical point of view,

when considering a development period of moderate length e.g., 8 to 12 years, such a

formulation may yield a coefficient matrix of thousands of rows and columns.

ø The first three approaches only deal with single objective, and are therefore not suitable

for handling the problems of investment planning for public systems which generally

are characterized by multiple, and often conflicting, objectives.

ø They do not consider the need for handljng imprecise (fuzzy) data. In the planning

problem some data may not be availabe in precise terms. Such cases may involve non-

statistically deflned data. Therefore, some consideration should be given to handling
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these types of data in the planning model.

ø They do not provide a means for collective opinion approaches to be incorporatecl in the

decision process. Such approach is required when some assessments should be obtainecl

from a large number of assessor by political processes. However, a suitable collective

opinion technique may be incorporated to the last two approaches, i.e., PROTRADtr

and STRANGE.

Due to these limitations of the existing muitiobjective stochastic programming techniques

for handling multiobjective sequential decision making under budgetary and socio-technical,

economic and political uncertainties, as well as the need to handle imprecision of input data

simultaneously and explicitly according to the requirements as described above, a combination

of mathematicai models and an intuitively-based (subjective) model is required.

The mathematical modeis are required to model the highly reducible actual systems into

mathematical symbolisms and descriptions in order to obtain an optimal solution through

formal optimization procedures. On the other hand, subjective models are required to acco-

modate complex purposefui systems (which is defined by Fiksel (1982) as a system originating

from human beings or societies desire) which are irreducible to mechanistic forms of mathe-

matical formuiations.

4.f-"3 Inclusion of Social {Jncertainty 1ï]. Ðxisting Fnanning

Fractice

A water resources project is more than a physical phenomenon; it is an intervention into

a social system. The success of a large water resouïces project often hinges on an effective

balance of local costs and distributed beneflts (Goodman, 1984). Social assessment techniques

are useful in suggesting appropriate trade-offs of these costs and benefits. Social impact

assessments have become an integral part of the water ïesources planning and evaluation in

developed countries, e.g., the United States, where the U.S. Water Resources Council (1ggg)

provides a guidelines for consideration of social factors in water resources planning under the

name of Other Social Effects (OSE).
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Goodman (1984) has documented the following contributions of social impact assessment

to the planning process: 1) assistance in handling the difficult methodologicai problems

of assessing benefrts and costs which are both monetary and nonmonetary ancl are thus

not directly commensurater 2) assistance in the identification and estimation of water-based

needs and the formulation of alternatives, 3) improved ability to project the acceptabiJity

and costs of alternatives, and 4) assistance for public involvement programs. Goodman

(1984) also documented application each one of twelve social science techniques to steps

of the planning process. Fitzsimmons (1977) discussed the following principal forecasting

techniques available for assessment of social factors: trend extrapolation, discussion with

expert informants, contingency trees, snrveys, Delphi techniques, and scenario generation.

4"2 Fnoposed hÆeas¡.¡r.es f@r l{and}å*g Llncentainty

in lnvestr¡nerìt Flanraing Fnactice

4"2"1" ,&ggregated and Specífrc uncertainties

The high level decision making process in water ïesources investment planning addressed in

Chapter 3 Subsection 3.2.3 requires a reduced number of aggregated and specific uncertainties.

For the final decisions, the DM needs information regarding the certainty of investment

outcome in a single aggregated indicator that is sufficiently representative to measure the

economic desirabiìity of an investment. On the other hand, the DM also needs information

about the certainty of resources (budget) available to fund these investments. It should be

noted however, that in certain cases some water ïesources projects are also planned to meet

non-economic objectives as well. In such cases the DM also requires information related to the

factors contributing to the achievement of each objective of these non-economic objectives. To

fullfil the DM's need for such information in this final decision stage, two types of uncertainties

appear to be worthy of detailed examination :

1-. Aggregated lJncertainty

Uncertainties inherent in one of the economic indicators of desirabiüty of a project, i.e.,

Net Present Value of Beneflt (NPVB), are adopted as the aggregated uncertainty in this study
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(refer to Section 3.3, Chapter 3). The reason for this choice can be explained as follows: i)

NPVB has the capacity to aggregate and accomodate various types of uncertainties whether

they are physical or non-physical, as long as their impacts can be translated into the benefit-

cost framework and measured in monetary terms, and ii) it has the fewest computational and

economic pitfalls relative to the other economic indicators such as benefit-cost ratio, internal

rate of return and project payback period (Eckstein, 1g58; Au, 1988).

2. Specific Uncertainty

There are two sources of this type of uncertainty :

i) Budgetary IJncertainty

As identified in Chapter 3 Section 3.5, uncertainty which affects amount of budget actual-

ly available for investment in water resources projects should be recognized and incorporated

explicitly in the final decision making process. This type of uncertainty deals with complex

inter-related socio-political and economic factors that govern the future availability of budget

for development arising from purposeful systems originating from human beings or societies.

As pointed out by Fiksel (1982) and Karsten (1990), in any purposeful system, past and

repeated observations cannot be solely used to estimate future events due to the unique,

irreproducible nature of such systems. To handle the problems of uncertainty in this environ-

ment subjective inputs and judgments are required. In this case, the probability reflecting

the likelihood of actual funding levels reiative to the possible funding levels is determined

subjectively based on a combination of an intuitively-based model, subjective inputs, judg-

ments and historicai data. A coilective opinion technìque is required to integrate subjective

inputs from an individual or a large number of assessor(s) with external factors governing

the future availability of budget for development into scenarios of future budget availability.

This time dependent budgetary uncertainty becomes the uncertain parameter in the context

of sequential decision making process for investment planning of the water resources projects.

The detailed description on how this type of uncertainty is incorporated in the optimization

model is given in Chapter 5 Subsection 5.5.2.

ii) Social .A.spect Uncertainty

In addition to those uncertainties whose impacts can be measured in monetary terms,

the DM also requires information related to the certainty of the socio-technical and poìitical
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factors which underlie the agricultural production and marketing subsystems. Uncertainties

related to such social factors are an important and possibly the most dificult factors to

recognize in water resources planning. The baseline social conditions are not static but are

dynamic system of interactions, and are likely to differ from region to region in a manner

that must be described in some manner. Social assessment assists the planning process to

profrle this dynamic system, to project future states, to identify and to evaluate the impact

of the project. As summarized in Chapter 2 Subsection 2.I.5, a review on the papers related

to social issues that appear in the literature (e.g., Dinius,7972; Gum eet al., 1g76; Flug and

Ahmed, 1990; Hukkinen, 1991; and Sutardi and Gouiter, 1993) suggests it is reasonable to use

a weighting and rating scheme to quantify non-quantifiable social factors. Such quantification

enables these factors to be combined in harmony with pure economic and physical factors.

Furthermore, as pointed out by Ryan (i990), statistical analysis, i.e., regression techniques,

can be used to describe the relationship between physical (engineering), economic, and social

factors for the purpose of description, prediction, estimation and evaluation of such a cause-

effect relationship among these factors. However, as Karsten (1990) points out there is

also a need to incorporate the intuitive judgment of DM or analyst in forecasting model

including such cause-effect reiationship. In pointing this factor, Karsten (1gg0) also argues

that the future state of socio-economy is influenced by qualitative changes, which may not

be known in advance, and therefore some intuitive/subjective judgment in combination with

the theoretical basis and actual data is needed.

In this thesis, an integration of a point allocation technique and a multiple variable

regression model, in the form of a scoring prediction model, is applied to estimate and measure

the future influential social responses which contribute to the success of utilization of newly

completed water resources projects. In the scoring prediction model, a subjective approach

utilizing a point allocation technique is used to evaluate independent variables. The relative

importance of independent variables with respect to dependent variable is then determined

by multiple regression techniques. The scoring for each candidate project under consideration

derived from this model is then incorporated in the multiobjective-multicriteria optimization

through selection criteria constraints. The detailed description of the scoring prediction

model is presented in Chapter 6 Subsectior 6.2.L
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4"2"2 Requinerr¡er¡ts for the Froposed h¡lodel

The definition of planning discussed earlier indicates that it is essentially a sequential decision

process in which resources are committed to various activities at a given points in time in

such a manner that the overall effect of all decisions is optimal. However, as discussed in

Chapter 3 Subsection 3.2.3, activities related to water resources project are subject to four

types of uncertainties, namely, uncertainty inherent in the benefits and costs parameters

(economic uncertainty), uncertainty in the budget actually available for investment in any

time period (budgetary uncertainty), the uncertainty on the social responses which control

the rate at which project benefrts accrue (social uncertainty), and non-random uncertainty

due to imprecision (fuzziness) of input data. In addition of these four uncertainties, like any

others public investment, water resources investment is characterized by multiple and often

conflicting objectives as well as complex socio-economic and politicai factors. Such factors

are highly irreducible into mathematical symbolìsms and descriptions.

Identification of sources of uncertainties and their characteristics as summaïized below

enables the appropriate model for handling the probiems to be identifled.

1. Uncertain Outcome

This factor reflects the uncertainty surrounding the benefits, and to a lesser extent the

costs, that will be associated with a project. All sources of risks for which the causes and

implications can be measured in monetary terms are aggregated into uncertainty inherent in

investment outcome which is specified within a Benefit-Cost analysis frameworks. Since they

deal with reasonably repetitive events (the outcomes of previous projects) past observations

can be used to estimate future events. In this case, statistical approaches may be employed

to predict the properties of the uncertain parameters/variables.

2. Budgetary IJncertainty

The type of uncertainty reflects year-to-year budgetary fluctuations originating from com-

plex inter-related local, national, and international socio-economic, and political factors. It
deals with non-repetitive events, and therefore past observations cannot be used solely to es-

timate future events. In this case, a combination of historical data and intuitive approaches

or subjective models is required.

3. Uncertain Social Factors
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These factors reflect the uncertain social responses which, following completion of water

resources projects, control the rate at which project benef,ts are accrued. This uncertainty

deais with inter-related socio-technical, economic and political factors inherent in the agricul-

tural production and marketing subsystems. Some of these features are repetitive and some

are non-repetitive in nature.

4. Imprecision of Input Data:

This feature relates to non-random uncertainty due to vagueness originating from impre-

cision or fuzziness of qualitative data or incomplete knowledge of quantitative data used to

define and specify the desired outcomes of the project.

The nature of the uncertain environment underlying water resources investment planning

as described above, necessitates that the proposed modei consist of the integration of both

mathematical and subjective models to enable the actual complex systems to be modelled

adequately. The adequacy of the model is highiy dependent on the levels of the reducibility of

the systems. The degree of reducibility of a management problem, in this case an investment

planning, corresponds to the degree of simplification and explicit description that may be

achieved. Purposeful systems such as human beings or societies are generally acknowledged to

have low reducibility (Fiksel, 1982). For example, the behaviour of a farmer is less reducible

than the behaviour of a pumping machine, since the latter may be easily "reduced" to a

mathematicai description of certain measurable parameters. As the reducibility of a system

decreases, there is an increasing need for intuitive facilities in order to understand and manage

that system (Fiksel, 1982).

Based on the level of reducibility of the systems and the compatibility of models for the

systems being modelled, the required approaches can be broadly classified as follows:

L. High Reducibility:

The system is "highly reducible" to a mathematical description of certain measurable pa-

rameters (decision variables) if the modelling parameters can be estimated quantitatively and

the relationships among modelling parameters be described into mathematical formulation

through system constraints and objective function. The desirable outcomes of the system

represented in this mathematical model is achieved by optimization. Treatment of uncertain-

ty for this situation can be carried out using past or multiple observations which can lead to
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improved knowledge about chance events, expressed in the form of frequency distribution or

ob jective probabilities.

2. Low Reducibility:

The system has low reducibility, €.8., the system to estimate the likelihood of future

government budget availability, if it deals with a complex inter-related socio-economic and

political factors, which are characteristic of purposeful systems since such systems originate

from society's needs. This condition needs intuitive approaches, subjective inputs, and often

employs knowledge or judgments which may be inexact and intuitively derived in order to

understand and manage that system. In this situation, past and repeated observations cannot

be used to estimate future events due to the unique, irreproducible nature of any purposeful

system. In this case, the future is not what it used to be, i.e., the future may not be the

same as the past.

Models required for dealing with this system should have capability to integrate analytic

and intuitive approaches such as insight, understanding, ranking priorities, and subjective

inputs and perceptions. The model and approaches proposed in this thesis attempts to

consider these features, by using the Analytic Hierarchy Process which has capabilities to

handle such requirements (Saaty, 1977; Saaty, 1982; and Saaty and vargas, 1gg1).

4.2.3 Rationale for VÏodel Choices

To date there has been no attempt reported in the literature to simultaneously incorporate

several factors of uncertainties as the uncertainty of the investment outcome (aggregated in

NPVB term), uncertainty in budgetary (budgetary fluctuations) and uncertainty of social

factors in the form of the multiobjective-multicriteria portfolio investment planning modei

for water resources projects. The rationale for the choices of mathematical and "subjective"

models to meet these needs is described as below:

l-. Mathematical Models

With respect to the mathematicai model requirements for the highly reducible systems under

consideration as discussed above, an integrated two-level formulation consisting of dynamic
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programming and multiobjective-multicriteria programming is proposed. The features of

each these two components of the formulation are discussed below.

1-. Stochastic Dynamic Frogramming (SDP).

Dynamic programming is known as a powerful and versatile tool for solving a wide range

of sequential problems in water resources (Yakowitz, i982). This optimization technique is

the most suitable approach for the investment planning problems in the face of uncertainty

due to its efficiency for sequential decision problems defined over discrete or integral decision

sets and its adaptive controlability.

The justification for the use of stochastic dynamic programming over many other math-

ematical programming techniques such as stochastic programming and stochastic linear pro-

gramming can be illustrated as follows:

i) Stochastic Frogramming

The basic stochastic programming problem can be stated by the following linear pro-

gramming formulation:

Objective function:

Mar z=cr (4.1)

(4.2)

(4.3)

Under the constraints:

Arl b

ø)0

c-

L-

b-
A_

where:

a row vector of n elements,

a column vector of n elements,

a column vector of m elements,

annxmmatrix.

Elements of vectors ö, c and matrix Acan be partiy or entirely random variables character-

ized by their distributions. The task is to determine the distribution of z*o,. This linear

programming problem can be solved for all possible combination of the parameters. However,
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the great number of possible combinations often prevents the use of this approach. These lim-

itations of the linear formulation may be overcome by the application of stochastic dynamic

programmming (Bellman and Dreyfus, 1962).

ii) Stochastic Linear Frogramming

The problem of programming in the case of uncertain decisions is to define the expected

value M from the following linear programming formulation:

Min M(en+dg_) (4.4)

Subject to the foliowing constraints:

ArlE_U=þ (4.5)

where:

A,þand c are as in Equations (4.1) and (4.2) above,

U = a column vector of n elements,

d, = a row vector of n elements,

B:annxmmatrix.

Matrix ,4 and vector -Þ may contain random elements. The vector variabie 3l and expression

B y compensate for this random effect and assure that the equality in Equation (4.5) holds.

Impacts due to random effects are articulated in the objective function as d U. Although

"time" may be included in such linear programming formulation, the resulting formulation

may yield a coeffi cient matrix of thousands of rows and columns when considering a scheduling

horizon of even moderate length (5-10 years). These diffculties can also be overcome by the

application of stochastic dynamic programming (Bellman and Dreyfus , 1962).

2. Euzzy chance constrained rnteger Goal Programming (FCCrGp).
The proposed second level optimization, i.e., a FCCIGP model, involves the two general

approaches, of Chance-Constrained Programming (CCP) and Ftzzy Integer Goal Program-

ming (FIGP). The justification for the use of both approaches is as follows:

i. Chance-Constrained Frogramming

Chance-Constrained Programming is a type of stochastic linear programming which al-

lows a small probability that the constraints can be violated. The following formulation is
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standard for this type of programming:

Mar lks_) (4.6)

Subject to the following constraint:

P(A" lü) la (4.7)

Where:

A, b and c are as in Equations (a.1) and (4.2)

a the column vector of m elements for probability levels 0 1a¡ {7.

Although, as shown in Tabie 4.1, for the complex problem of investment planning under

uncertain environment, the use of CCP approach in isolation is considered being unsuitable,

the CCP can be applied to handle a portion of those problems, in particular, uncertainty of

investment outcome. The justification of this choice is as follows:

a) Data that contribute to the investment outcome uncertainty can be analysed statisti-

cally such that the probability distribution of uncertain parameters, and hence the confidence

limits of critical levels of these uncertain parameters, can be determined.

b) CCP programming does admit random data variations and permits constraint viola-

tions up to specified probability limits.

c) Use of CCP does not increase the model dimension from the size of deterministic

formulation (Burn and McBean, 1g85).

d) "Deterministic equivalents" in the form of specified convex programming problems

for a general ciass of objectives have been established for the generai/standard formulations.

These deterministic equivalents include: 1) maximum expected vaiue (E model), 2) minimum

variance (V model), and 3) maximum probability (p model).

However, the CCP method also has limitations, including:

f ) It is impractical if several stochastic constraints have to be accomodated simultaneously

and if the probabi[ties involved are not easily tractable.

2) There is no explicit consideration made either of penalties or reward involvecl if the

chance contraints are violated or made less restrictive.
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3) It sufers from arbitrary choice of probability levels.

fn order to alleviate some difficulties associated with the existing CCP, its application

in the integrated model proposed in this thesis is combined with Frzzy Set Theory and

Goal Programming (GP). The use of the fazzy concept enables subjective information and

qualitative data to be incorporated in the multiobjective optimization.

ii) Integer Goal Programming (IGP)

Goal programming, and its extension IGP, is adopted as the basis for the second level

optimization in this integrated model for the following reasons:

a) It is the most suitable multiobjective technique for the goal (target) oriented planning

approach typical of developing countries. More specifically its use enables the relationship

between resource capacities and target attainments to be easily and readily observed.

b) It is capable of handling multiple conflicting objectives and multicriteria as well as

monetary and non monetary objectives.

c) It is computionally efrcient procedure relative to others Muitiobjective Program-

ming (MOP) and Multi Atribute Utility Theory (MAUT) especially for large scale problems

(Romero, 1991).

c) It has the flexibifity that its formulation can be easily extended to accomodate specific

character of planning problems such as:

ø The probabiJistic nature of NPVB criterion can be incorporated in the multiobjective-

multicriteria analyses and final decision making by means of chance constraints.

ø Imprecise data related to the funding avaiiabiJity and imprecise preference of level of

confrdence limit can be represented in the model formulation by making use of the

Fuzzy Set Theory.

A review of the literature indicates there is no evidence that an integrated formulation of

the form of the proposed SDP-FCCIGP has been applied previously in the water resources

planning. The detailed rationale for such model choices e.g., SDP and FCCIGP is addressed

in Chapters 5 and 6 respectively.
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2. Subjective Models

As discussed in the previous section, an integration of mathematical models and subjective

models is required to handle the range of characteristics of the problems under consideration.

The need to incorporate an intuitive approach into a formal mathematical approach in dealing

with intuitive problems has been pointed out by Drucker (1973) as follows:

Insight, understanding, rønlcing of priorities, ønd a "feel" for the complerilg of an area

are aE important as precise, beautifully elegant mathematical models-and in fact usuallg

infinitely more useful and indeed eaen rnore "scientifi,c". TheE refl,ect the reality of the

manager's uniaerse and of his tasks.

Subjective model are required specifrcally to process the combination of subjective informa-

tion, inputs and perception, with historical data into the information required for the decision

making process. The Analytic Hierarchy Process (AHP) and Fv.zzy Set Theory have been

identified as vechicles for harnessing and codifying the intuition of the planners or the DMs

with respect to this type of subjective information within a structured framework (Fiksel,

1982; and Saaty and Vargas, 1991).

In addition to these intuitively-based analytical methods, traditional statistical methods

such as the first order and second moment analysis, and multiple regression analysis in com-

bination with the Contingency Index, and the point allocation and unit weighting approaches

can be used to process historical data available into useful information, e.g., statistical prop-

erties of uncertain parameters used in decision making process.

The rationale for choices for each type of model can be described as follows:

1-. The Analytic Ilierarchy Frocess (AIIP):
The AHP is a theory for dealing with complex technological, economic, and socio-poJitical

problems. Basicaily, the AHP is a multiobjective multicriteria decision-making approach

which employs a pairwise comparison procedure to arrive at a scale of preferences among sets

of alternatives (Saaty and Vargas, 1991).

In addition to these capabilities, the AHP actually combines the four existing collective

opinion techniques: 1) Delphi method: A panel of experts is interrogated by a sequence

of questionaires in which the responses to one questionaire are used to produce the next



questionaire, 2) Market research: A systematic, formal, and conscious procedure for evolving

and testing hypotheses about real markets, 3) Panel consensus: This technique is based on

assumption that several experts can arrive at a better forecast than one person. 4) Visionary

forecast: A prediction that uses personal insight, judgment, and when possible, facts about

different scenarios of the future. In this case, the assessor could be an individual or a group

of assessors.

2. Ftzzy Set Theory:

Ftzzy set theory provides a means of dealing with those situations where subjective

judgment or estimation of each individual will play a central and significant role in dealing

with the existing ambiguity or uncertainty. As suggested by Zadeh (1978), f''tzzy set theory

also provides a basis for possibility theory.

3" The Contingency Index:

The Contingency Index approach as suggested by Lutz and Cowles (1971) provides a

means of correcting any bias of the benefit-cost ratio resulting from overestimation of benefrts

and underestimation of costs (The detailed procedure is described fully in Subsection 6.3.1

Chapter 6). The "corrected" benefits and costs figures then provide a better estimate for

a future economic performance than subjective estimates by experts which are generally

estimated without consideration of correction for any bias.

4. Scoring Prediction Model for Social Responses:

This model combines two approaches, i.e., a subjective approach in the form of point

allocation technique and a regression model to estimate and measure levels of non-quantitative

social responses in term of the understanding, support, cooperation, and participation of

water users which control the rate at which benefits of a project are accrued. The main

features of the multiple regression model are: 1) its predictive ability expressed in a causal

model, and 2) its abiüty to provide overall (holistic) evaluation of independent variables

simultaneously.

In this thesis, independent variables which cause the behaviour pattern of the dependent

variable are evaluated using a point allocation method in an interval scale. Using stepwise

analysis, the relative importance of independent variables relative to dependent variable is

then estimated via traditional least squares.
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5"1- Theoretical tsac}<ground

5.1-.1 R ationale for Model Choice

Since water resoulces investrnent planning problems cleal with the rnanagernent of water in a
wide range of aleas related to the use of natural resoulces, agriculture, inclustrial cleveloprnent

ancl the environrltent in general, they may be categorized as general resouïce problerns. As

discussed eatlier, over the past 50 years water resouÌces planning methocls have evolvecl

frorn relatively straightforward approaches to complex proceclures (Goochnan, 1g84). The

major changes in this process have been the result of the inclusion of non-traclitional areas

of consicleration suc.h as regional, socio-political, environrnental objectives, ancl uncertainty

relatecl to budgetary and socio-economic concerns. These issues of uncertainty are clifferent

from the traditional engineering conceïns about uncertainty, such as hyclrologic. rincertainty,

etc.

Operations research techniques have also been used increasingly to tackle the increasecl

cornpiexity of water resources planning. One of the rnost attractive rnethocls aclclressing the

cornplexity of general resource planning and rnanagernent problerns is clynamic programr¡ing.
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In fact, Esogbue (i989) has notecl that Dynarnic Programuing (DP) has become one of

the most popular techniques in the fielcl of water resouïces systems. The reason for such

popularity of DP was attributecl to its capability of handüng problems of a certain structure

and couplexity, for exarnple, a courplex sequential clecision rnaking problem in water Lesou¡ces

planning lllanagetllerìt, for which other approaches and optirnization techniques hacl been

found to be ineffective. Esogbue (1989) also stated that DP offers a wicler range of the

variety of problems able to be addressed.

As clescribed in previous chapters, public. investment planning is essentialiy a sequential

decision process in which resources are ideally cornrnittecl to various activities ancl objeciives

at given points in time such that the overall effect of all these clecision is optirnal (Schiesinger,

1966). However, in reality such decision pïocesses are genelally affectecl by various types

of rincertainty such as budgetary fluctuations and uncertain socio-economic ancl political

factors. Dynarnic programming is a suitable approach for helping to solve sorne features of

such problerrts. The suitability of DP for these problems arises from the following specific

advantages of the technique.

1. It can hanclle sequentiai decision problems rnore efficientiy than other techniques suclr

as linear prograuming (LP) and two-stage LP, particularly for non-linear ancl stochastic

problems.

2. It provides a rneans of efficiently solving stochastic resouïces m.anagernent problerns

nurnerically. The method can be adapted to handle two types of stochastic events (Bell-

nran, 1962): i) adapti,ue control processes in which the probabilities of the stochastic

events are theuselves uncertain and are revised as an additional infonnation becomes

available as the plocess evolves and, ii) stoclmstic control processes in which the prob-

abilities of stochastic events are known initially and no new information is available as

the process evolves. The probabilities that goveln the stochastic events in the seconcl

type of process can be definecl objectively, i.e., based on historical clata ancl statisti-

cal analysis, or subjectively, when the probabilities are based on past observations if
available, or on well-consiclered degrees of belief (I(ennedy, 1986). This last possibility

is relevant to the problems of budgetary uncertainty addressecl in this thesis in that
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the likelihood of future budget availability level rnay not be able to be deterrninecl

statistically due to the uniqueness of each situation.

3. It can be easily integrated with a seconcl level of optirnization to hanclle rnuitiobjective-

rnulticriteria issues within each stage or, in the case exarnined in this thesis, each

scheduling horizon. Although dynarnic Drograrnrring can be forrnulatecl in its own

right to handle multiobjective probleus (Tauxe et al., 1979), the aclciitional criteria ancl

hence adclitional state variables required for this approach increase the cornputational

burden considerably. To alleviate the well known "curse of climensionality" problern,

sone decomposition rnethods are usually used (Hall et al., 1968). [In this stucly, the

application of the FCCIGP (Fwzy Chance Constraint Integer Goal Programrning) as a

second level optirnization to handle problerns of uncertain outcome ancl imprecise input

data as well as the multiobjec.tive-ruulticriteria issues inherent in the public investuent

type of pianning exarnined in this thesis, appears attractive sinc.e the proceclure has

the potential to reduce the computational burden.]

4. It has the flexibility to allow for decision sets consisting of quantitatively clifferent

level of decisions. For exarnple, in the case of scheduling problerns subject to buclget

unceltainty, the clecision set uight be in the forrn of various possible funding levels

relative to the projectecl budget level (B): a) 90%B; b) B0%B; c.) T0%B; etc. This

feature is very useful for certain types of planning problerns; particularly for stagecl

clevelopment pianning approaches in which flexibitity is required.

One of the many interesting features of DP relevant to the work in this thesis is the sirnilarity

in structut'e of the functional equation forrnulation for both deterrninistic ancl stochastic

processes.

5"L.2 characteristics of,Flanning Problerns and the sÐF Ap-
proaah

In general, a water resources systern is planned, designed, built, operatecl ancl controllecl

for the puÌpose of fulfllling specified current and future dernands. However, water ïesouïces
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development activities are subject to uncertainties inherent in both resource availabilities

as well as in future demancls ancl returns. Ily definition, planning itself is the process of

forec.asting future clevelopuents. Therefore, ideally planning activities have to aclclress these

uncertainties. As described in Chapter 3 (Subsection 3.1.3), uncertainties relatecl to natural

Ìesoulces ancl future clernands are generally handled in the technical level of planning. On

the other hand, uncertainties inherent in econonic resources, e.g., the level of future buclget

availability for investuent, are generally handled in the high level clecision rnaking plocess

(investment planning).

Planning problems tend to be sequential clecision making problerns by natlre, c.harac.-

terized by a situation in which decisions can be influencecl boih by earlier clecisions ancl by

outcomes of the stochastic pararneters whose values only becorne known to the clecision maker

after the earlier decisions have been taken. In this thesis, the stochastic parameter aclciressecl

in the SDP is the level of budget actually available for investrnent in each schecluling hori-

zon (stage) ú of the long term planning horizon, where t : I,...,,9, ancl ,9 is the nlmber of

scheduling horizons (stages) within a given long terrn planning horizon. To illustrate the

problern of this budgetary uncertainty, consicler an investment planning probleu in which,

(i) ,f, for A : I,..,ND,, representing various levels of possible funcling clecisions at the

beginning of scheduling horizon (stage) ú, where 1{¿, is the nurnber of levels of D1, and

(ii) 4, for / = I,...,NF,, representing various leveis of actual funcling receivecl cluring the

scheduling horizon (stage) ú, where 1/p, is the number of levels of F¿,

are to be investigated to fund a portfolio of rnultiobjective projects to be irnpiernentecl cluring

the scheduljng horizon ú. However, the outcome of these levels of possible funcling clecisions,

denotecl above as { for I = 7r...rNF, are, in general, nevel exactly known in advance ancl

are subject to uncertainties clue to fluctuations of levels of budget actually available for

investrnent. Furthermore, it should be notecl that the probability clistribution pk(F!), I =
1, ..., ffF,, for each level of k for k = 1,...,1/¡, is not known completely since past observations

generaily cannot be used solely to estirnate the likelihood of future events associatecl with

such palalleter. As clescribed in Su'bsection 4.2.1the uncertainty unclerlying these buclgetary

fluctuations originates frorn a'purposeful system)which is clef,necl by Fiksel (1g82) as a
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systerì related to hurnan beings or societies clesire. Therefore as suggestecl by Fiksel (1g82)

and Karsten (1990) consideration of these uncertainties also neecls sorne form of intuitive

(subjective) approach. The procedures allowing such consicleration of uncertainty to be

incorporated in the transformation probabilities of the proposecl SDP rnoclel are clescribecl in

Section 5.6.

The funding decision at each stage or scheduling horizon selectecl frorn among the corn-

plete lange of possible funcling decisions Df for l,; : I,...,ND,, is tlie 'optirnaf investr¡ent

decision/ polic.y Df with its associated 'optirnal' portfolios of rnultiobjective projects to be

inplemented with that funcling level in the scheduling horizon ú. (Note that it is portfoiios

of projects lather than a portfolio of projects because each possible frincling outcome fro1¡

a decision will have its own portfoLio of projects.) The use of the tenn 'optimal' assoc.iated

with the rnost clesired investment clecisions has two rneanings. The first ureaning relates to

the fac.t that such investntent decisions have to recognize the possibility that actual funcling

is significantly different, norrnally less than, from anticipated. This concern is to recluce the

possibility of project delays, rescheduling, postponement, and even cancellation clue to bucl-

getary fluctuations. The second rneaning is related to the neecl to obtain the rnultiobjective

portfolio of projects that yields the satisficing 'return' with respect to preferrecl objectives

ancl criteria. As discussed in the previous subsection, a SDP rnethod, which is able to han-

dle both risky (the probabilities of occurrenc.e ale universally well clefinecl) ancl uncertain

(the probabilities of occ.urïence are less universally clefinecl) ploblerns, represents an effective

approach fol handling sequential decision problems in which 'optirnaf investment clecisions

have to be rnade in the light of a wide range of unknowns.

Another feature of investrnent plarining, namely, that of flexibil-ity, relates to the fact that

the cornponents of the systern, e.g., the scale of the systeu, rnust be acljustecl in accorclalce

with changing conditions. This considelation indicates that flexibility is a capability which

c.an be employecl in the planning process to ensure that unc.ertainties regarcling the future

can be reasonably anticipatecl and handled appropriately. Two aspects of flexibility in plan-

ning are requirecl to operational:,ze this 'flexible' plan, i.e., .staged deuelo2tnter¿ú ancl trade-offs

between alternatiues. Stagecl development addresses such questions as which part of the plan

should be implernented irnrnediately, what portions are to be stagecl for future consicleratio¡,
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and rvhen they might be constructed under various scenarios of future buclget avaiiability.

Trade-ofis between alternatives recognise this burlgetary uncertainty in tenns of goal achieve-

ment vs' confidence limit of pleferrecl goal, shorter vs. longer schecluling horizon, etc. The

proposecì integration of the SDP and FCCIGP uodels is consiclerecl capable for incorporating

these features and is described in detail in Chapters 6 ancl 7.

5"2 Objective of th¡e SÐP Appnoach

The objective of the proposed SDP investrnent planning model is the cleveloprnent of an

investrnent planning policy for the clecision rrakers which perrnits thern to clefrne ancl select

the optimal investrnent planning decision in tenns of the level of cleveloprnent or projects to

pul'sue cluring any tirne interval under conditions of current and future buclgetary fluctuations.

The clecision policy generated by the rnodel shoulcl explicitly recognize the possibility that

the actual level of funding received is different frorn, normally less than, that anticipatecl or',

ir. ore precisely, clesirecl for that planning periocl.

Optirnal investment decisions at each schecluling horizon I of the SDP are evaluate{ on

the basis of the expected present value of the return. In the proposecl moclel the return is

definecl in terms of the expected NPVB (net present value of benefit) of the investment in that

scheduling horizon, taking into account confidence lirnits on that estirnate of expectecl 1et1rn.

Note that evaluation of NPVB in probabilistic terms available through the specification of the

confidence Lirnits enables the risk aversion attitucle of the DM towarcls economic outcome to be

incorporated explicitly in the clecision rnaking process. Thus, any clecision in each schecluling

horizon or stage will be able to take into account the dispersion of NPVB inrlicators, e.g., the

worst case (the upper confidence lirnit), the best case (the lower conficlence lirnit) ancl the

rnost likely (the mean confidence limit). Therefore, the optirnal planning/investrnent rlecision

on each scheduling horizon is based on both the probabilities of actual funcling levels for the

specified scenarios of future budget availability and consideration of the risk aversion attitucle

of the DM for econornic outorne.

The detailecl descriptions of the proposed SDP model, the clevelopment of the transfor-

rnation probabilities whic.h describe the likelihood of particular budgetary outcornes ancl the
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mathernatical fonnulation for the proposed SDP model are given in the following sections.

5.& ?'wo-sÉate stochastic llyreamåc Frogr.ayr¡rni*g

A two-state SDP foruulation is proposed to handle the problenls in the following rnanne¡.

The first set of state variables for tlie DP model for this problem are the levels of project

clevelopment statecl in phvsical units in terrns of hectares of irrigatecl area alreacly clevelopecl

atthebeginningofeac.hschedulinghorizonorstageúanddenoteclasl,i Vi,t,fori= I,...,Jt,
where ./¿ is the number of discretized levels of deveìoprnent in hec.tares of irrigatecl area at

the beginning of stage ú.

Exarnination of annual budgetary allocation realization for water resouïces clevelopment

cluring the last 20 years in Indonesia shown in Figure 5.i inclicates that the level of funcì-

ing allocated in any development scheduling horizon (the live year clevelopment plan in the

Inclonesian case) or stage is affected by the level of funding actually receivecl in the imuecli-

ately preceding scheduling horizon. One cause of such a relationship is that any unfulfillecl

clernands in the previous scheduling horizon has to be satisfiecl in the next buclgeting year

or schecluling horizon. Such relationships rnay be best describecl using a probability tenn

based on a Markov concept. In this case, the probability of receiving a particular level of

funcling in one scheduling horizon depends on how 'goocl' the funcling was in the previous

scheduling horizon. To address this issue, an additional state variable representing the level

of funding actually receivecl in theirnmediately preceding schecluling horizon ú-1is requirecl.

This variable is denoted as P{" and represents the rn¿l' possible level of funcling receivecl in

the schecluling horizon previous to scheduling horizon (stage) t and n¿ = 1,..., Nro,,,, whel.e

NpFr,,, is the number of levels of funding received during the previous schecluling horizon

ú- 1. The'state'of the system at the beginning (or end) of each schecluling horizon I is now

defined in terms of both the current level of development LiV i, ú aucl the level of funcling

receivecl cluring previous schecluling horizon PFí" V rn and can be clenotecl lry Lir" Y i, nt,, t.

There are sirnilarities in attributes between this stochastic investrnent planning moclel un-

der budgetary uncertainty and the well known stochastic clynarnic programming for reservoil.
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Figure 5.1: Annual Budget Allocation for Water Resources Development in Indonesia

for the Last Twenty Years

operation under uncertainty in the inflow developed by Loucks et at. (1981). For this reason

the proposed investment planning model will be described initially with reference to that

reservoir model. In the proposed SDP investment planning model one state variable trj is

directly comparable to reservoir storage in the reservoir operation model. The other state

variable of level of fund,ing received in the previous scheduling horizon PF{" is analogous to

the state variable of flow observed in the previous stage in the reservoir operation model of

Loucks et al. (1981) and as such is based upon a 'Lag-one' Markov concept. Simiìarþ, the

impact of levels of funding provided in the previous stage on probabiJities of funding levels in

the current stage is conceptually similar to the relationship between reservoir inflows in two

successive stages. The release decision given the current reservoir storage and inflow in the

previous stage in the reservoir model also has a direct corollary in the investment planning

model. In the investment planning model the decision is what level of development to pursue,

i.e.,level of funding Di,¿,^ to plan forin each current scheduling horizon f, given the current

or existing state of developmenf Li and the observed or actual level of funding in the previous
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schecluling horizon P F;" .

One very irnportant characteristic by whic.h the planning formulation clifers frorn the

reservoir operation model lies in attaining what is known as the steacly state c.onclition.

The reservoir rnodel is almost always able to deterrnine a steacly state policy for releases

when the moclel is run for a sufficiently large nurnber of years. This steacÌy state policy

reflects the cyclic nature of annual inflows. However, no such cyc.lic conclition exists in the

investrnent planning case where probabilities of the occurence of each level of possible funding

are likely to be unique to each project and to change with tirne in a non-cyclic fashion. It
is not therefore possible to undertake repeated observations to establish the values of the

probabilities. In this case, the likelihood of each possible level of funcling in each schechiLing

horizon within a planning horizon is a unique event, unlikely, if not irnpossible, even for the

same projects, to occur again with the sarne funding opportunities. In fact, the uncertainties

in the funcling allocation process even make the cornpletion clate uncertain. The investtlent

planning formulation must atternpt to account for this depth of uncertainty.

The decisions to be made in the SDP planning rnodel are what level of investment (con-

sisting of a portfolio of the projects to be implemented in the periocl being reviewerl) to

plan for in each scheduling horizon or stage f given the existing level of clevelopment of the

projects L'r, the level of previous funcling P Fi" , the range of possible funcling clecisions to

consider (Df ror k; : 1,..., ff¡,), the range of actual funcling outcorne ({ for I = r.,...,1ún)

and the probabilities denoted as p¡(F!) of getting the various F/ given a range of Df . Note

that tlre probabilities pk(F!) of getting the various F¿ in any schecluling horizon clepencl upon

one or d) of L!, PFl", and Df . For completeness of analysis the rnoclel will be clevelopecl

for probabilities which depend on all three factors. However, if it is felt that for par.ticllar

planning problems the probabilities clo not depend on all three pararneters the rnodel is easily

rnoclified. In fact all that is required is a recluction in the nurnber of pararneters (and sub-

scripts) needed to define the probabilities with a corlesponciing clecrease in computational

requilements.

The decision, (or more specifically in the stochastic case, the oritcorne) of the clecision

results in transforrnation of the two state variabies. The transforrnation function (/¿) is in

the forrn of Li*r: fi{L'r,Df ,Fl} for a1i t, i, k. This transfomration function shows that
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the level of development (Lrr*r) specified in terms of hectares irrigation area clevelopecl at the

encl of scheduling horizon ú is the result of the k¿l' level of possible funcling clecision plannecl

for scecluling horizon t, Df ,1þu ¿tlz actual funcling receivecl in the sarne sc.hecluling horizon ú,

(fl) when level of clevelopment at the beginning of schecluüng horizon is at the irl, state o¡

level. Note that the level of funding in the previous scheduling horizon (stage) is clefinecl by:

P Fl" : {-r which states that the level of previous funcling at stage ú is actually the same as

the levei of actua.l funding received in the previous scheduling horizon ú - 1 (it is assummecl

that P,(" V r¡¿ is knowing at the beginning of planning horizon when the planning activity

is unclertaken. This knowing level of previous funcling is the arnount of funcling receiverl

in scheduling horizon just prior to the tirre for which the activity being exaninecl by the

planning pÌocess wiìì begin.)

The results of the set of possible funding levels to plan for scheduling horizon f are speciflecl

in two terms; the econornic return expressed in Net Present Value of Benefit (NPVB) and the

incrernental level of developrnent associated with the generation of that NPVB, expressecl in

hectares of Irrigation Area Developed (IAD). The econornic return under this transformation

function in terrr s of NPVB is then clenotecl as Vrk'¿ which clescribes that incremental NPVII

accruing at the end of schecluling horizon f as a result of the A¿l' level of possible funciing

clecision Df andtheltt' Ievel of funcling actually being receivecl cluring the schecìuling horizon

t for k = 1r...r NDr,r,* and / = lr...rNFr,r,^, where NDr,r,* is the nurnber of possible levels

of funding decision at the beginning of scheduling horizon ú for each state cornbination .L1"",

and NF,,,,- is the nurnber of levels of actual funding able to be received during the scheciuling

horizon f when the current level of developrnent is at the state cornbinatioo L"r,".

The return, (in terms of irrigation area clevelopecl), is clenotecl by AD!'t which clescribes

the irrigation alea cleveloped at the encl of the scheduling horizon I as a result of the fr¿l, level

of possible funding dec.ision Df ancl the /¿A level of funcling actually being receiveci cluring

the scheduling horizon ú. The expected value of the NPVB for a given funding/investment

decision Df is cleterminecl by multiplying the 1zrÀ'l arising frorn each of the outcornes { of the

decision Df Lv the probabilities p¡({) of that { occuring, given that the rlecision was Df
and the culrent state of the system was in the state cornbinatioo L'r"'.4 graphicai clepiction

of the SDP fonnulation for investrnent planning problern under the conditions rlescribecl above
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is given in Figure 5.2.

5"4 lnclusion of Llncentair¡.ûy an the sÐP hÆodel

It was assertecì previously in this thesis that budgetary uncertainty is one of the rnost in-

fluential uncertainties in the public investurent planning ancl that the rnost efficient methocl

to handle the problems associatecl with this type of uncertainty is a SDP approach. The

previous section described a two state SDP forrnulation capable of handling a palticular

type of budgetary uncertainty associatecl with water resoulces investment planning. The fol-

lowing discussion clescribes how the probability reflec.ting budgetary uncertainty is ac.tually

incorporated in the SDP forrnulation.

As noted previously the problerns associated with the type of budgetary uncertainty being

exarnined in this thesis are rnainlv related to period-to-period budgetary fluctuations causerl

by socio-ec.onouic and political factors. Two sources of budgeiary uncertainty were iclentifiecl:

1) budgetary fluctuation arising from uncertain econornic cycles, ancl 2) buclgetary lirnitations

clue to changes of priority in public funding allocation arising from socio-political factors. A

combination of a subjective rnodel and an appropriate collective opinion technique methocl is

proposed to quantifv qualitative information of socio-econornic ancl political factors into a set

of probabilities such that these qualitative factors are able to be incorporatecl appropriately

into the transformation probabiJities required in the SDP.

A nurnber of issries have to be addressed or recognized in cleterrnining the transfolrra-

tion probabilities. As described previously, the levels of developrnent actually occuring in a

particular scheduling horizon (stage) are related to the level of the funcling decisions ancl the

probability of occurence of eacir of these possible funding clecisions. Consider the case that

the level of developrnent or the possible funding decision Df selected (planned for) is $ B

million and the actual ievel of funding ({) receivecl is only $ 5 rnillion. Uncler this scenario

only a portion of the project will be cornpleted at the end of the period in question. Benefits

clerived from the project in this situation may be nil or at best only a portion of what the

deveiopment was intentlecl to achieve. Moreover, the actual level of development compietecl

at the end of period, and the net benefit accruing frorn it, is Jikely to be less 5/B of the total
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expected where 5/B is the ratio of 5 million/B rnillion of actual funding receivecl lelative to

that expected or planned for. This deviation frorn the ratio of 5lB is clue to an inability to

cornplete works already startecl due to lack of funds and because of the extra costs for clesign

modification and any othel activities required for adjustrnent of preparation works. On the

other hand, if the original decision was to plan for a level of funding of $ 5 rnillion with the

associated portfolio of projects, and the sarne fi 5 rnillion was received the project woulcl have

ac.hievecl the full complernent of benefits corunetìsurate with its cornpletion.

To incorporate the above problern, i.e., potential discrepancies between Df and {, into

the overall rnodel, two approaches are applied:

1. Assignrnent of probability reflecting the likelihood of the actual ievel funcling received

relative to the level of possible funcling planned as described in the previous section,

i.e., p¡(F!). This probability is appliecl expìicitly in the SDP rnoclel to govern the

cletermination of expec.tecl return.

2. Introcluction of akind of penalty in the form of the cost'esc.alation'coefficients in per-

centages of the original cost to penalize the discrepancies between the level of actual

funding realization and the level of possible funding decisions. For exarnple, the closel

the ltt' actual funding d is to the Æ¿l' funrling clecision D! the srnaller the penalty.

When I : k then the cost escalation coefficient is zero. These cost escalation coeffi-

cients are applied expücitly in a second level Fuzzy Chance Constrainecl Integer Cìoal

Prograrnrning (FCCIGP) optimization rnodel in which the return, specifiecl in terms of

Net Present Value of Benefit and amount of land developed for each level of possible

funding decision and funding outcorne is determined.

The probability of getting a particular funding allocation in any schecluling horizon is ob-

viously a factol in the clecision as to the level of development to be chosen. Under these

circurnstances, if the relevant probabilities of various levels of possible funding, and the irn-

plication of rec.eiving funding levels differ from those associated with the plannecl course

of action c.an be estimated, the problern becoues ttre SDP problem described above. The

state-stage transformations under such relationship are shown in rigure b.3.

The outcome of the decision at the end of scheduling horizon I has two consequences.
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= number of lewele of the poeøible funding decieioa for each poeeible etate coqbinqtion
Z!'^ rt ttre beginniug of echeduling horizon Ê,

= number of levele of ectua.l fuuding received during tb.e øcheduliug horizon ú

when tbe current level of develoÞE€nË is !t the atate combination tri,m,

= number of Ievela of acËu¡-l f1luding received during the previouø ecb.ed.uliug

horizon t - I when the current level of development ie at the etate Ii,

= itÂ level of development statêd in hectuee of irigated. ueæ developed. et the beginning of etage t,

= state combinatio¿ of tÌ¡,e level of developmelt ¿i ed the level of ñrudiug
received at the previous atage t - I, pf';4,

= Índex correeponding to oae of level of developmeDt (etatea), tal<iag integer valuæ, 1,...,J¡,

= number of lewele of diecretized level of dewelopmeut (etatee) at tb.e begiuuiog of echeduling h,orizon t
epecifled in terma of hectueo of irrigated. area developed,

= Ëtâ level of poeeible frrndiug decision pluaed at tb.e beginning of eched.uli¡g horizon t,

= lËå level of actual fuuding ¡eceived. duriug the eched.uling horizor Ê,

= frrigation Area Deweloped in hectaree at the end, of sched.uling b.orizoa t ùising fbom
the ÈtÀ level of poaeible lìrndin6 Ð¿ ud the ¡tå level of actuaì fuuding -Fg.

5.3: Depiction of the Two-State Transformations of the SDP fo¡ Investment

Planning
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Firstly, it results in transformation in the states of the systern from schecluling horizon ú to

the next scheduling horizon t + t. The transformation functions for this problem as given

in Equations (5.1) ancl (5.2) respectively below, show how the level of cleveloprn ent Li at

the beginning of periocl ú, are changecl to the appropriate level of cleveloprnent Lt+, at the

end of stage ú (beginning of stage t + I), by the funding cìecision D¿ clenotecl by È ancl the

actual funcling I'ec.eivecl F¿ clenoted by / taking into account the increuental irrigation area

developed generated by the actual funding actually rec.eivecl in that periocl.

L1*, : ft{Li,Df,tl}
= Li+ADfr v (5.1)

the actual outcome of

written as

PF{j, = r! V l, m, t (5.2)

Using the earliel cieiinition of state variables Equation (5.1) can be re-written as

Li,ïi : rr{L", Df , PF;i} V i,, j, m, k, t (5.3)

where,t:7r...r,9ri:1,.,.,Jt,i:Ir...rJt+trrn=Ir...rNpFr,,where Np1r,.,isthen.'rber
of levels of PFi" when the current level of developrnent is at the state tr|.

Seconclly, the resrilts of each combination of the k¿l' level of investment/ funrling clecision

Df,o,,, ancl the /¿/'level of actual funcling receivecl Fl.,n,u",are specifiecl in terrns of the NpVB
(Iz) and irrigated area clevelopecl (,aD). These two stage returns are written

vrr'' = rr{nf , rl} (5.4)

where the econouric return, denotecl usVrk'l , clescribes the incremental NpVB accruecl at the

end of stage ú as a result of the Æ¿l' level of possible funcling decision Df and the lttr level of

funding actually being received { during the stage ú ancl

aof,t =T4Df ,Fl\

V i, li,, l, t

'i, li, I, t

Ii is easy to see that at the beginning of stage ú f 1 (encr of stage f)

funding d for a given t is PF!!r. Therefore, this relationship can be

9B
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5"4.t Ðxpected Stage Ret¡.lnn

As clescribed in previous section the role of the 'probability of transformation' representing

the likeLihood of occurence of each level of the actual funding pk(FÐV l, k,l is to ,weight,

the outcotre of stage return to get the expectecl return. The probabiüty mirst therefore

be explicitly incorporated in the cletermination of expectecl stage return by multiplying the

economic stage return associated with each possibie actual funcling outcome by the probability

of that outcotne occurring. Since the objective function for the investrnent planning probleu

investigatecl in this thesis is the uaxirnization of expectecl (expectecl clefinecl in a range of
senses clesc.ribecl later in the thesis) present value of econouic stage retlrns in ter'ls of the

IIPVB criterion with the associated confidence limit (B), the recursive equation for the SDp

problem can be statecl as follows:

(5.6)

subject to:
¡/.J L,t ,ñ

Ð pk(Fl)=1 vk,t-
l=1

¿(.t+ r,Lis*r,4'|*r)= o.o v i, I

R¿ = Max Ð pk(FÐ(tvf"lþ + a Rt+t)
Dt4'.Nt,;,*

(5.7)

(5.8 )

where:

'g = nutttber of scheduling horizons (stages) within a given planning horizon,

t - index corresponding to one of the scheduling horizons (stages),

taking integer values 1, ..,5,

¿ - index corresponding to one of the lever of develop'rents (states),

taking integer values I,..., Jr,

Jt = nutttbet of levels of discretized level of clevelopuents (states) at the beginnirig

of schecluling horizon I specified in terrn of hectares of irrigation aleas)

Rt : optirnal stage return at the encl of scheduling horizon I
expressed as the expected net present value of benefit,

Df : levels of possible funtling decision plannecl at the beginning of schecluling horizon ú,

Ft : levels of actual funding received cluring the schecluling horizon (stage) ú,
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PFt : levels of actuai funding receivecl at the previous stage ú - 1,

Lt : levels of cliscretized level of cleveloprnent (state) specifiecl

in hectares of irrigated area deveroped at the beginning of stage ú,

Li : i¿l' level of cleveloilnent (state) at the beginning of schecluling horizon t,

NPF,,, = numbet of leveis of ac.tual funcling receivecl cluring the previous stage f - I
when current level of development is at the state tr],

l'tl : inclex c.orresponcling to one of the levels of actual funcling rec.eivecl in the

previous stage (ú - 1), taking integer values 1,...,NpF,,,,

LT"" = state co'rbination of the eúl' current level of clevelop'rent

ancl the zn¿l' level of previous funcling at the beginning of stage ú,

ND,,,,* = nurnber of levels of possible funcling decision at the beginning of schecl¡ling

horizon I for each state cornbination L|n
NFr,,,* = nurnbeÌ of levels of actual funding receivecl cluring stage f when the

current level of develop'rent is at the state co'rbinatioo L'rn",

k - index corresponciing to o'e of the levels of possibre funcling

clecision D¿, taking integer values I,..., ND,,,,*,

I - index corresponding to one of the ievels of actual funcling

received .F¿, taking integer values I,...,NF,,,,*,

DI,;,r, : optirnal funding decision at each stage ú for each cornbination of

level of development Li and level of previous funcling p{"
where t : 1r..., S; i = 1, ...,.r¿; and lTL = Ir..., NpFr,,,

Nt,à,,,, = index of a set of the nrunber of levels of possible funcling clecision

at each stage ú for each cornbination of lever of creveloprnenr, Li
and level of previous funding pFl,r, where t = I,...,,î;
'i = Ir..., J¡; and rn = 7r..., NpFr,,,

pk(Fj) : transformation plobabilities which clescribe the likelihoocl of

the occurence of the /l/, level of actual funcling receiverl

d relative to a range of levels of possible funcling crecision Df ,

V)!J : Net Present Value of Benefit accruecl at the encl

of scheduling horizon f resulting frorn the krl, level of
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{J

possible funcling D! and ¡l-ru ¿th level of actuai funcling Ff ,

discount factor associated with the duration of schecluüng horizon ú,

level of confidence lirnit on Net Present Value of Benefit (NpvB) with the

associatecl membership glade basecl on information providecl by FCCICìp r¡oriei.

The cietailed rlescription of the relationship between the objective function of the SDp ancl

the cletennination of the optimal funding clecision within the integratecl rnorìel FCCICìp-SDp

is given in the next section.

b"b optirreal T'otal Returr¡ fon the sÐP Flaraning

l/lodeï

The objective function of the cotnplete SDP rnoclel itself is rnaxirnization of the total or surr

of expected present value of total econornic return over ali stages (schecluììng horizons).

The econornic return at each stage of the cornplete SDP cornponent is obtainecl from the

expected economic retutn of a range of levels of actual funcling outcomes {. These econornic

returns are cleflned in terrns of the NPVB for each funcling clecisions ancl are cleterminecl

or provided by a second level optirnization, i.e., the FCCIGP rnoclel with the associatecl

confidence limits ancl rnernbership grade of this conficlence li¡rit. Basecl on the possible

funding decisions and outcornes, the portfolio of projects selected for a particllar funcling

outcorne are also schedulecl by the FCCIGP according to goals ancl criteria preferences. [The
process by which this scheduling is undertaken by the FCCIGP is clescribecl in Chapier 6.]

An assumption in the FCCIGP that the NPVB is a random variables enable the objective

function to be evaluated in probabilistic terms. Furthermore, through the use of conficlence

limits on the value of the NPVII, the worst ancl best cases of the NPVB value ancl probabilìty

of those and certain other conditions occurring can be consiclerecl clirectly.

The optimal total return for the SDP in terms of maximisation of the sum of the expectecl

present vaiue of stage return using the notation of scenario-basecl transforrnation probabil-

ities given in Equation (5.17) (the detailed clescriptions for obtaining such transformation

probabilities are given in the next two sections) for the last stage of the planning horizon c.an
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be stated as: 
.s

r Rs - MAX Ð Ð (n@!,r,,,,")7 " lfvtr)p (5.e)
t=7 Di,¡,^€Iy't,;,-

subject to:
_À/o't,t,m

Ð p(F!,,;,u",t)' = r v t, i, rn, k. (b.10)
I:7

The corresponding recursive equation for all other stages can be written as:

(5.11)

subject to:

a (,1+ r, Lb+t,4+,) = o.o v i ,t
l/r' c,t ,m

Ð P(Fl,¿,,,,*)' = 1 v t, 'i, m, k.
l=1

Where:

T Rs : optirnal total return at the last stage of the planning

horizon expressed as the expected net present value of benefit,

= expected total benefit of optirnal policy,

p(F!,,¿,^,*)' : transformation probabilities which ciescribes the rikelihoocl

of the occllrence of a range of levels of actual funding F¿

relative to a range of levels of possible funcling decision D¿

definecl as a f'nction of stage ú, a level of creveroprnent Li,
alevel of previous funding PFl", and level of possible funrling decision Df,
for ali t, i, nt, k, I and scenario of future buclget 7

(the detailed procedures for obtaining this transfornation probabilities are

given in the Section 5.6 fEquarion (5.17)]),

'y : inclex corresponding to one of the three scenarios of f¡ture
budget availabiJìty, i.e., Lirnited, Non-Limitecl, ancl Uncleterrninecl Buclget

l--t.ìþ
LV;" ) = Net Present Value of Benefit accrued at the encl of schecluJing horizon t

resulting frour each cornbination of the k¿l' level of possible funrling clecision

Df anrl ¡Lr" ¡th level of actual funcling {

A¿=Max_ Ð (p(F!,,¿,,,,*)r) (l%*',] 
o*oa,*,)

DI,i'^eN.-,t,-

(5.r2)

(5. 13 )
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generated by the optimal project portfolio selectecl

by FCJCIGP taking into account the speciliecl conficlence lirnit on the

I'IPVIJ criterion ,4 with the associatecl rnembership gracle.

The other tenns are the sarne as definecl in the previous subsection.

Recursive soiution of Bqr.ration (5.1i) results in the cletermination of Ã.¿ ancl the optinal
funding decision DT,¿,u" for I : 1,..., S, i : I,..., J¡, and. tn : I,..., NpF,,,.

5.6

5.6.1_

{Jncentain Fararneters

Quantification of Uncentain Fararnetens

As notecl ear'lier one of the uncertain paraureters consiclerecl in the proposecl SDp lnocl-

el concelns budget availability. Since objective, or observecl, probabilities of such buclget

availability ale very difficult to deterrnine in this case, subjective assessment is employecl

to quantify budgetary uncertainty. Fonnal justification of this procedure can be founcl in

Ferrell (1972) who discusses three types of subjective input in clecision making: 1) creative

inputs occuring principally in the choice or invention of moclels to repr.eseni physical reality
ol in the invention of alternative actions for the set of lneans frotr which c.hoice is to be

made, 2) valuational inputs involving scaling of preferences or rneasurement of utiJìties, ancl

3) juclgrnental inputs invoiving experience ancl engineering juclgrnents.

Proceclures to incorporate "subjective" inputs into an intuitiveiy-basecl rnoclel are outlinecl

as follows:

1' Quantification of Dispersion of Ilncertain Parameters: The upper ancl lower

boünds of uncertain pararneters are cleterrninecl on the basis of historical clata, relevant

influential factors, and prediction of future clemancls.

2. Subjective Probabilities Assignments: Subjective probabilities are assigneci to

eac.h level of the uncertain pararneters to reflect the DM's, or the planner,s, assessrnent

of the likelihood of these uncertain palarneters. These subjective probabilities rnay be

generated using two subjective rnodels: 1) cornbination of a historical scenario basecl
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rnodel with the Direct Assessrnent of Taylor (1984), ancl 2) combination of a historical

scenario basecl model with a collective opinion technique, i.e., the Analytic I{ierarchy

Process of Saaty (1977,1g82, and 1gg1).

3. Rating the Fossibility of Scenarios of Future Budget Availability: A col-

lective opinion technique, in this case the Analytic Hierarc.hy Process of Saaty (Ig7T,

1982, and 1991)is used to rate the possibility/likelihoocl of each scenario of future bucl-

get availability by integrating sulijective inputs frorn assessor(s) wiih external factols

governing the future availability of budget.

The flrst procedure, i.e., quantification of uncertain pararneters is clescribecl in cletail

below. The second and third procedures are clescribecl in the next section under the heacling

of Transfolmation Probabilities.

Quantification of Dispersion of IJncertain parameters

In this proceclure the uncertainty in pararneters, in terrns of their rnagnitucle ancl clispersion

as well as their likelihood, have to be clefined. The processes to quantify uncertain pararneters

inherent in the type of budgetary uncertainty aclclressecl in this thesis are as follows:

ø Upper and lower bounds of the ïange of possible levels of funcling D¿ are ¿efrnecl.

The upper bound of possible funding normally reflects the funcls necessaïy to satisfy

the projected demand on scheduling horizon ú.

The lower bound reflects the rninirnum level of projectecl possible funcling that might

occur cluring that schecluling horizon.

Note, that for computational simplicity there is a

Ìange of ìevels of possible funding decision D¿ anrl

leceivecl F¿. Therefore, quantification of the range

of the range of F¿.

one to one relationship between a

a lange of levels of actual funding

of D¿ will also cover quantification

Having cletermined the possible îange (difference between the upper ancl lower bouncls)

of possible/plannecl and ac.tual funding level, the next step is to ctivicle these ranges into
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subranges, clenoted bV Df for k = T,...,ND,,,,*and Fj for /: I,...,NFr,,,^respectively.

It should be noted that inclic.es k, I anð, rn corresponcl to the various funcling option

ievels relative to (in pelcentage) the upper bouncl of buclget projeciecl in the schecl¿ling

irorizon t, BTt (e.g., 100% BTt, BS%BT1, TT%BT1, roE%BT¿, ancl 40%BT¿).

Proba'bilities reflecting the decision maker's ot expert's assessrnent of the relative likelihooci of
eachlevelofactualfunding Fjvlrelativetoafixeclvalueof Df for k:r,...,ND,,,,_canthen
be assignecl to each subrange basecl on the available historical clata of actual fun¿ing receivecl

relative to the projected levels (The cletailecl proceclures for obtaining these probabilities

basecl on subjective moclels are given in the next section.)

It should be noted, howevet, that it rnay not be possible to cletermine the subranges

noted above prec.isely because of lirnited inforrnation. To hanclle this irnprecision in setting
ievels of possible funding in each schecluìing horizon Ftzzy Set Theory using the concept

of tolerance (Zimrnennann, 19BB) can be appliecl in the seconcl level optirnization for each

scheduling horizon of the SDP approach. The proceclures whereby srch fvzzy c.onsicleration

can be includecl in the rnodel are describecl in Chapter 6.

5"7 T'he ?rar¡sfonr¡aation Frobabilíties

Before describing the theoretical background of subjective probability assess¡rent ancl the
developrnent of the transformation probabilities matrix for the SDP, the most relevant theory

for such transforrnation, e.g., "lag-one" Markov requirernents, is briefly reviewecl.

A general stochastic process involves a sequence of ranclom variables Ht, H2,..., ãrr. The
probability that the z¿Íl' random variable, 11,,, takes the value h,, may clepencl on the values

taken by all the previous randorn variables, so that in general the conclitional probability can

be stated as follows (Hastings, 1973):

Prob(H," - llul Ht = 1r7,...,H,,_7 = ll,"_t) (5.14)

However, a moclel which assurnes that the current value of a variable clepencls on many

previous outcornes is difficult to handle computationally (Hastings, lgZJ). To alleviate such

difficulty ancl to establish an adequate ancl cornputationally feasible moclel the subclass of
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stochastic processes c.ailed "Lag-one" Markov pïocess is consiclerecl. In this type of Markov
process the probability that the ranclorn variable H^ takes the value /2,, clepencìs only on the

the iumecliately preceecling outconìe ñ.,,_1, i.e.,

Prob(H,, : lt,"lH1 - 111,..., H,,_t = ll,"_t)

= Prob(H,, : ltnlï,"-1 : l¿rr-t) (5.15)

As described previously' for the problem of buclgetary uncertainty exaninecl in this pro-

posed SDP ltoclel, it is assummetl that thelevel of funclingin aparticular stageis affectecl by

tlie level of frinding in previous stage. fRecall that a state variable reflecting tire ac.tual level

of funding receivecl in the previous tiue interval was arlclecl to the SDP.] This variable is the

one to which the Lag-one Markov pïocess theory is appliecl, i.e., the probability of receiving

a particular level of funding in one scheduling horizon is clepenclent on the level of flncling
actually receivecl in the previous scheduling horizon.

5.7 "L Theoretical Elackground to Ðeterrnination of The

Tbansforrnat ion Frobabilit ies

As mentioned earlier, the type of uncertainty associatecl with the transformation probabilities

of the proposecl SDP for a public investment planning uoclei cliffers frorn the traclitional un-

certainty in engineering problerns in which "the objective probabiljties" may be clerivecl basecl

on past observations. For exarnple, for an event which has taken place in the past, ancl for
which past outcomes c.an be used to predict the likelihoocl of future outcomes, e.g., rainfall or

strearnflows, a probability distïibution based on past observations may be reasonabiy clerivecl

by assuning the cyclic nature of the processes. On the other hancl, for the case of bu¿getary

uncertainty, the causal factors of uncertain futru'e buclget availability for investrnent are the

often specify inter-related socio-econonic ancl political factors that exist in such systens. As

notecl previously, in this type of systeu repeatecl observations are not possible, ¿ue to the

unique, irreproducible nature this system (Fiksel, 1982) and therefore it rnay not be possible

to generate "the objective probabilities". Although pertinent inforrnation such as a,basic
rate' may able to be extracted frorn historical clata of the past actuai funcling/investrnent

a,1locations, there is no cyclic condition in the investrnent planning ¡roclel.
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Since "objective llrobabilities" in the sense of relative frequency of the irast observations

cannot be used to estinate the likelihood of future outcomes, another term for interpre-
tation of probability theory, i.e., "subjective probability", will be euployecl in clete¡¡ining
tÌansfoluation plobabilities p¡({) in the proposecl SDP nloclei. Accorcling to Taylor (1gg4),

subjective probability pertains to events which can be thought of in probabilstic teuns, but
not in telrns of relative frequency. Taylor (i984) also notes that subjective probabilities
perÛrit personal feelings anci judgments to be quantifiecl as clegrees of belief. Subjective prob-

abilities can therefore be based on all information available to the DM or the planner in terms

of subjective inputs including experience, juc1gnient, ancì intuition. Subjective probabilities,

then, are applicable to events which have not been, or rnay not be, testecl by the performance

of a large nurnber of trials or observations (Taylor, 1gB4).

As notecl by Taylor (1984), general probability assessrnent cleals with two activities: i)
judging the likeli'lt'ood of events, which is basecl on how hurnans preclict ihe probability of an

event occurring ancl, ii) juclging the causes of events, which is concerned with how people

specify the reasons for occurence ofevents, i.e., attribute causes for events.

Two broad classifications of the rneasuïeûìent of subjective probabilities are also notecl by

Taylor (1984), narnely: 1) Direct assessment; in which the strength of a clecision rnaker,s

belief concet'ning valious events rnay be cleterminecl by clirect questioning. For exa¡rple, the

assessol can be asked to give probabilities for a series of events in nurnbers ranging frolr 0 to
1, ancl 2) Indirect assessment; involves inferring the DM's degree of belief fron behaviolr
in choosing between two or more alternatives. For exarnples, clegrees of belief are inferrecl

from behaviour in rnaking choices arnong betting oclcls, lotteries, insurance premiulns, etc.,

rather than directly asking a DM for an assessment.

5.7.2 Development of the Tbansforrnation Frobabilities
The strrcture of the transformation probabilities matrix on each state cornbination of current

level of cleveloprnent ancl level of previous funcling callecl the tranformation probability
submatrix wili contain NDr,r,n lows ancl NFr,,,n" columns for an iand. tnrwhere 1y'¡,,,,- is the

nunrber of leveis of possible funding decision piannecl for each state cornbination L'rr', V i, nt

at stage l. and NFr,,,,, is the number of levels of actual funcling receivecl <luring schecluling
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horizon I when the current level of development is at the state cornbination L\t" V i,, trt. The
total nunrbers of such sub-rnatrices in each scecluling horizon (stage) f will be J¿ x l{pp,,,,
with .r¿ being the number of cliscretizetl states specifiecl in hectares of irrigated area clevelopecl

ai the beginning of scheduling horizon f, ancl NpF,,, the nurnber of levels of actuai funcling

received cluring the previous stage f - 1 when the current level of cleveloprnent is in the state

LiV t, i' Each element of this sub-matrix represents the probability of the ltt,level of the

actual funding occun'ing given the Æ¿l' level of possible funcling clecision. An exarnple of a
transforrnation probability matrix for ú = 2,i, ND,,,,*, NFr,,,^ ancl y'y'pp,,, is shown in Table

5'1' The complete set of probabilities for all scenarios of future buclget availability (clesc.ribecl

in the next sub-section) is given in Tables A.15, A.16, ancl A.17 in Appenclix.

subjective Model for Generating Tþansformation Frobabilities
To handle the specific characteristics of the problems of buclgetary uncertainty investi-

gated in this thesis, a subjective rnodel which combines information extractecl frorn historical

data as a basic tate , a functionai relationship between inter-relatecl pararneters, ancl a set of
the cleflnition of scenarios of future budget availabiüty for investment is proposecl to estimate

the likelihood or probability of the occurence of each level of actual flncling receivecl.

For the problem to whic.h the rnodel developecl in this thesis is appììecl fol clernonstration

purposes (see Chapter 7) narnely water ïesouïces planning in Inclonesia, the pertinent infor-
rnation regarcling the actual funding allocation for water resources clevelopment in Indonesia

cluring the last 17 years is usecl as the base rate or frarnework in cleveloping subjective prob-

abiliiies of funding levels in the future (see Tables 7.I and 7.3). This information provicles

c'haracteristics of the past governrnent funcling allocation priorities ancl policies. These clata

also describe the past ükelihood of actual funcling relative to the levels previously antici-
pated. Although future events are unlikely to correspond to these historical conclitions, the

infomration extractecl frorn these past observations can be usecl to estimate generai char-

acteristics that may be useful in projecting future governrnent investment allocation. Such

characteristics may be in the form of a functional relationship aûìong the inter-relate¿ pa-

rarneters within the SDP rnodel, e.8., ú, Lt, Dt, PF¿, ancl F¿ , that goveïn the ctistribution of
the transfortnation probabilities. In adclition to this relationship, some aclclitional subjective

inputs reflecting tire DM's or the planner's assessment of thelikelihoocl of future government
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Table 5.1: Example of The Functional Relationship for Transfo¡mation prol¡abilities

Note: I-.dex/ts a¡eir the orderofdecreasirglevel ofactualfurdi'g, / - 1 > I:2,I=2) I = 3, etc.

pr(Fl) = rþ, Li, pFí", Df) + p(F!,;,*,) = r( t,Li,PF{,Df)
For: t = 2i à:1,2; rtt:1,..,Nrr".; for.ly'p¡r, = 5; and I : 1,..,N¡r. .,, for

LL'* U = 1\ i'^ U=2)
1_ 1,...,Nr,,,,,,,=5

p(Fl,,^,) t=r t:2 /=3 I=4
p(Fl,r,r¡) = 0.01 0.01 0.15 0.33

P(Fl¡¡,2) = 0.01 0.01 0.15 0.34

p(Få¡,r,) = 0.01 0.0i 0.1s 0.3s

P(Fl¡;,) = o.o1 o.o1 0.15 0.36

p(FÅ,r,r.) = 0.01 O.o1 0.I5 o.37

p(FJ,r,r,t): o.ol

p(FÅ,r,z,z) = o.o1

p(Fl¡,2,) = o.o1

p(FJ,r,z,n) = o.o1

p(Flt,z,s) = o.ol

P(Få,r,s¡) = o.o1

P(Fl,'.,s,r) = o.o1

p(Fl¡,s,t) = o.o1

p(Fltp,,): o.o1

p(F|,r,",) = o.o1

p(F|,r,+,r) = o.o1

p(F,i,o,\: o.o1

p(Fl),E,s) : o.o1

p(F|,r,n,) = o.ol

p(Fl,r,+,): o.o1

p(F/,r,sì = o.o1

p(Fl,r,s,) = o.o1

p(Fl,r,s,s) = o.o1

p(Fl¡,s,+) = o.o1

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.35 0.48

0.36 0.47

o.37 0.46

0.38 0.45

0.39 0.44

0.36 0.47

o.37 0.46

0.38 0.45

0.39 0.44

0.40 0.43

o.37 0.46

0.38 0.45

0.39 0.44

0.40 0.43

0.41 0.42

p(F!,;,,",t") I = 1

p(F|,rt,r) = o.o1

p(Fl,z,r,'): o.o1

p(Få,zt,s) = o.o1

p(Fl,z,r,n) = o.o1

P(Fl,rt,) = o'ol

p(Fl',,)= o.o1

p(Fl,',2,) = o.o1

p(Fl"o.\= 0.0I

p(F,\,"^)= o.ol

p(Fl,,,) = o.ol

p(F),2,s,) = o.o1

p(F/,z,s,z) = o.ol

p(FÅ,r,e,) = o.ol

p(Fl,z,e,+) = o'01

p(F)pp,) = o.o1

p(F|,2,n,) = o.o1

p(Fl,z,n,z) = o.o1

p(Fl,z,+,s) = o.o1

p(Fl,z,n,) = o.o1

p(Fl,z,+,) = o.o1

P(þ'Å"",1= 0.01

p(Fl,z,s,) = o.o1

p(Fl,r,u,s) = o.o1

P(Få,r,u,n) = o'ol

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

IVF = 5'?,r,tz

l:l)

0.49

0.48

o.47

0.46

0.45

0.48

o.47

0.46

0.45

o.44

o.47

0.46

0.45

o.44

0.43

0.46

0.45

o.44

o.43

o.42

o.45

o.44

0.43

o.42

o.41

0.34

0.35

0.36

0.37

0.38

0.50

0.49

0.48

o.47

0.46

0.49

0.48

o.47

0.46

0.45

l- 1
¡ 

- 
t,..../YF^ :ð

/-t l-t t a
I 

-+

0.01 0.15 0.34

0.01 0.15 0.35

0.01 0.15 0.36

0.01 0.15 0.37

0.01 0.15 0.38

P(Fl:.s.s): o.o1 P(F]"o')= o.o1

0.35

0.36

o.37

0.38

0.39

0.36

0.37

0.38

0.39

0.40

0.37

0.38

0.39

o.40

0.41

0.38

0.39

0.40

0.41

o.42
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buclget alloc.ation is neecled.

Two appt'oaches are adopted to elicit such subjective inputs from an assessor or a group of
assessors. The first approach is Direct Assessment (Taylor, 1984). In this case the approach

is cailed "Subjective Model with Direct Assessrnent". The seconcl approach is the Analytic
Hierarclry Process (AHP) (Saaty, 1977, lgï2, ancl 199i). Consistent with the te¡¡inology
usecl for the frrst approach the seconcl approach is c.allecl 'subjective Model with AI{p'.

The detailed descriptions of the cornponents of this subjective moclel, i.e., the functional

relationship between inter-related cornponents ancì the clefinition of future buclget availability,

are given in the following subsections.

5"7.3 Functional Relationship Eetween lnter-related Fararn-

eters

The transfounation from the state coubination (existing level of cleveloprnent an¿ level of
funding providerl in the previous scheduling horizon) in one schecluling horizon (stage) to a
new state cornbination in the next scheduling horizon (stage) is relatecl to the prior estimates

of actual funding levels which may be anticipatecl, through the associatecl probabilities, ancl

the lil<elihood of these funding levels relative to the levels of possible funcling clecision. These

transforrnation probabilities are defined as a function of the schecluLing horizon ol stage t,
tire state or the level of development -L¿, the level of previous funrling P.e, the level of the

possible decision D¿, and the level of actual funcling -F¿, receivecl as expressecl in afunctional

forrn by

pr@l)' : f (t, Li, P F;" , Df )'v (5.16)

where 7 clenotes the budget scenario for which the probabilities are clefinecl. Taking into
account the functional relationships clescribed above, the general forrl of the transfo''ation
probabilities can be re-written as:

n r" (F1t,ri,e F[-,Df))' = p(Fl,¿,,,,*)' (5. 1 7)

Examples of the characteristics of this functional relationship were extractecl frorn the

infomration and experience of the investrnent stucly of irrigation projects in Inclonesia cluring

the last twenty years (BCtrOM, 1989)]. Such characteristics can be clelineaiecl as;
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The higher the actual existing level of clevelopmenr, (LÐ the lower the probability of
obtaining a higher level of possibie funding. Conversely, the lower the level of tr], the

greatet' the probability of obtaining higher levels of possible funciing. This observation

rnatc.hes the situation in Indonesia where, if the level of clevelopment is at a lower level,

the tleÛrand for rice will force clecision rnakers to allocate rnore funcls to water lesource

projects associatecl with increasing rice procluction.

The lower the ievel of previous funcling nt , the greater the probabilitv of obtaining high-

er ievels of culrent funding. This estirnate also confonns to the Incionesian situation

in that lower levels of previous funding generally corresponrÌ to lower levels of clevel-

opment and therefore require the same policy adjustment rliscussecl for lower levels of
development above.

s The lower the level of possible funding decision lc,i.e., the smaller the level to anticipat-

ecl or planned budget, the greater the probability of getting the lower levels of possible

funding. Therefore, the chance (probability) of getting lower levels of allocation with

a lower budget level decision will always remain greater than the probability of getting

the higher levels of funding.

An example of a set of transfomration probabilities fulfilling these proceclures for a given

value of f, i, NDr,,,^, NFr,r,,n, and ly'pp,,, is presentecl in Tabte 5.1. Other types of this

functional relationship for various scenarios of future buclget availabilìty are cliscussecl in the

next section.

5.7.4 Definition of scenario of Future Eudget Availability
A preliminary application of the basic SDP (Sutarcli et al., 1gg1b) inclicatecl that the results

of the rnodel depend critically, ancl not unexpecteclly, on the subjective probabilities ancl

therefore on how these subjective probabilities are generatecl. The issues behincl this assess-

rnent of subjective probabilities can be dernonstratecl by the experience in water resoulces

budgeting in Indonesia which suggests that three clistinct situations of buclget allocation ca¡

be iclentifiecl and catepçorized as follows:
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The decision rnaker (DM) or the planner knows that there is a higher chance of ob-

taining a higher ievel of clevelopment funcls over the pianning horizon relative to rvhat

previously have been receivecl.

The DM or the planner knows that the likelihoocl of future developrnent funcls alloc.ation

will be at a lower level relative to the level actuarly requirecr.

ø The DM or the planner cloes not know exactly the lil<eljhoocl of the level of future

development funds allocation. However, he or she knows that it is unlikely that the

future allocation clevelopuent funds will be at either of the two extreme levels, i.e., the

highest and the lowest levels.

The above observations provide a basis for constructing a clefinition of ,scenario of future
buclget availabilitv' which underlies the proposecl scenario-basecl precliction approach by re-

quiring exarnination of events that might influence the future ancl paramettizingthe principal

components of the system (Saaty ancl Vargas, 1gg1).

The general approach for precliction of the future governrnent funcling allocation rnust be

basecl on the chalacteristics of past €çoveïnrnent funcling priorities ancl policies ancl incorporate

tire DM's or the planner's assessment of the likelihoocl of future governûìent buclget alloca-

tions. Such approach may in the fomr of "if-then" scenarios that reflect future government

budget availability situations. This approach implies that ifbuclget availability situatiol is

s.uch, tlterz the probability assignrnents will be a specified set of values.

The possibilities of futule budget availability for investrnent, have to be reflectecl i¡
the generation of probability assessment of the transforrnation probabilities. The following

scenario-based probabiüty assignments are proposed to hanclle the buclgetary fluctuations

expectecl to occur in these scenarios. The three scenarios clescribecl below represent the rnost

c.ornntonlv encountered future büdget availabiiity estirnation.

Scenario I. Limited Budget

When the current level of cleveloprnent is at a higher level, higher probabilities are assignecl

to the lower ievels of actual funding. When the current level of developrnent is at rnecliurn

levels, higher probabilities are assigned to the lower to rnecliurn levels of actual funcling. When

the cut'r'ent level of clevelopment is at the lower levels, higher probabilities are assignecl to
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SCENABIO 1: LIMITED BUDGET SCENAFIO 3: UNDETERMINED BUDGET
SCENARIO 2: NON.LIMÍTED BUDGET

&

il#,,
1. . _........._.----_._i
I r.'. . r'." r '¡ -I l::.:.:.:.:.:ar=::¡

I r ll - ll:i::::::l 'W -1,.,,,,,':,1 - -
t=.:,i.iJ

-@ÞH = ttnn"t p¡obabilities are d¡st¡íbuted
¡n th¡s area

@ - Decreaslng order of Level of
Actua¡ Fundíng.

I

J = Decreasing order of Level of

Y DeveÍopm€nt (state).

+
Note :

I = The f¡rsÊ category of stâte sub-matr¡ces
represent¡ng higher levels of curfent development

ll = The second câtegory of s*ãtê sub-mattlc€s
representing medfum levels of current development

lll = The th¡rd category of stâte sub-matrlces
representing lower levels of current development

+

Figure 5.4: Schematic of Subjective Probabilities Assignments According to a Three

Scenarios Future Budget Availability

the higher levels of funding. This type of probability assignment, which is shown in Figure

5.4 Scenario 1, reflects the situation where: i) the likeühood of obtaining a high level of

development funds is 1ow, and ii) when the existing level of development is aiready at a high

level, so that the chance of getting a higher level of funding is low. On the other hand, the

lower existing levels of development suggest a greater possibility of obtaining higher levels of

funding in a future time period.

Scenario II. Non-Limited Budget

In this case regardless of the current level of deveiopment, higher probabilities are assigned

to the higher levels of actual funding. This type of assignment, which is shown in Figure

5.4 Scenario 2, reflects the situation where the possibiJity of obtaining a higher levei of
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cleveloprnent funds is uniformly high and the funcling cleciclecl upon

likely outcorne. In other words, whatever clecision taken, tire 
'rost

the level anticipatecl or planneci for.

or anticipated is the rnost

likely available funding is

Scenario III. Undetermined Budget

When the current levels of cleveloprnent are Ìrigh, higher probabilities are assignecl to the

rnecliurn ancl the lower levels of actual funcling. As the levels of clevelopment clecrease, i.e.,

wlien levels of clevelopment are at rneclium and lower levels, higher probabilities are assignecl

eveniy to the rrtediurn levels of actual funding. This type of assignrnent, which is shown

in Figure 5.4 Scenario 3, reflects the situation that the likelihoocl of the available funds is
sornewheÏe in between the two extrerne conditions, i.e., between the highest ancl the lowest

level.

It is not known which of the three scenarios will prevail, ancl thereby govern the futlre
budget availability for investment. To aclclress this question, a suitable collective opinion

technique, €.ß.,the Analytic Hierarchy Process (AHP) (Saaty ancl Vargas, 1gg1) ¡rust be

applied to coubine the range of external factors governing the future burlget availability with
subjective inputs such as the priorities of these factors as cleterminecl frorn a DM or a group

of DM. These priorities would be specifiecl in terms of a nurnerical rating representing the

likelihood of each scenario. The application of the AHP rnethocl for the possibility rating of
such scenalios is given in Subseciion 5.2.6.

5.7.5 Combined Subjective iVlodel and Ðirect ,&ssessrr¡.ent

This moclel consists of: 1) a functional relationship between the inter-relatecl pararneters of
the scheduling horizon (stage) ú, the level of developu ent L¿, the level of previous funcling pF¿,

the level of possible funding decisions D¿, and, the level of actual funcling F¡, to clescribe the

likelihood or probability of the occulrence of each level of actual frincling receivecl; 2) a set of
scenarios of future budget availabiüty for investment, expressecl for clernonstration plrposes

in this case, by Lirnited, Non-lirnited, and Uncleterrninecl Burlgets; ancl 3) historical clata

providing pertinent infonnation which is usecl as a basic rate in cleveloping the transfor*ration
probabilities (see Tables 7.3).

The Direct Assessment lnethod is applied to elicit subjective inputs fro¡r the assessor
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by asking the assessor a numerical probabiLity assessrnent ranginpç from 0 to 1 reflecting

the likelihood of each level of actual funcling. The rnain aclvantage of this approach is that
it is able to adclress a large number of colnbinations of level of clevelopment trf ancl level

of previous funding PFl", since there is no limitation of the use of scale in the nu*rerical

assessrnent. (The problern of scale is discussecl in rnore cletail in relation to the Anaiytical
Hierarchy Process.) Howevet, this approach is not free of problems, i.e., it is rlifficult to
presel've logical consistency in the judgments.

Exarnples of the transfomration probabilities clevelopecl basecl on this cornbinecl subjective

rnoclel and Direc.t Assessrnent for the thlee cases of scenario of future buclget availability for
given values of ú, i, NDr,r,^, NFr,.,,*, and ly'pp,,_ are shown in Table 5.2.

5.7.6 Subjective VIodel with the,A.natytic F{ienanchy Frocess

(AHP)

The sarne subjective rnoclel used in the previous section, i.e., the cornbination of a f¿nctionai

relationship between inter-related pararneters, a set of scenarios of future buclget availability

for investrnent, and historical data as a basic rate (Table 7.3)is still employecl in this approach.

However in this case, the Direct Assessrnent cornponent is replacecl by the Analytic Hierarchy

Process (AHP) which elicits quaLitative pairwise comparison juclguents between each level of
the actual funding. These qualitative juclgments are then transformecl into nurnerical scales

using the pairwise c.omparison scale recornrnenclecl by Saaty (1,gTT) as shown in Table b.3.

The rnain aclvantage of this approach is that it provicles a nìeans of checking the consistency

of juclgrnents' A rninor clifficulty wiih this approach is the restriction of having to ¡se the

I scales of comparison of Saaty. This range of scale rnay not be sufficient to cover a large

nnnrber of cornbinations of L', and P Fl" . A slight rnoclification in interpreting ancl enlarging

(bv interpolation) of the scale may therefore be requirecl.

The AHP rnethod is used in this rnoclel to elicit a pairwise qualitative juclgrnent for each

level of actual funding decision from an inrliviclual assessor or a gloup of assessors. The

eigenvalue method is then applìed to transfonn these qualitative juclgments into lurnerical
probability ratings of the lil<elihood of each level of actual funcling outcone.
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Table 5.2: Comparison

sessrnent alcl the AHP

of Transformation Pr-obabilities

Method for the Three Scenarios

Generatecl by the Direct As-

of Future Buclget Availability

(pr(p!)), = F(t,Li,pF{ ,Df) + p(Fl,;,*,*)', = F(t,Lî,pF{",Df'
For:i=2;i=1;n¿=1,..,iy'p¡r,;foriy'¡¡:,;=1; À=1,...,Nor,,,-fori/D2,i,^=s;and/=1,...,N1nr.;._forl/¡r;-=5

Direct Assessment Analytic Hierarchy Process (AHP)
'y=Limited Budget Scenario l=Lirnited Budget Scenar.io

p(F!,;,^,*) t :7
p(Fl,rt,): o.o1o

p(Fl,t,r,)= o.o1o

p(Fl,r,r,s)= o.olo

p(Fltt.,t)= o.olo

p(F}, , ,): o.o1o

/=1.....i/n^ =5
l=2 l=3 I=4
0.010 0.150 0.330

0.010 0.150 0.340

0.010 0.150 0.350

0.010 0.150 0.360

0.010 0.150 0.350

P(F!,,,*,r) / = 1

p(Fl,r,r,r) = o.oo3

p(Flt,r,) : o.oo3

p(Fl,r,t,") = o.oo3

p(Fl,r,r.¿) = o.oo2

/ = 1, .....Ày'n^ = 5

l=2 l=3 ¿:4
0,013 0.128 0.298

0.014 0.732 0.307

0.014 0.139 0.327

0.014 0.141 0.327

0.015 0.145 0.337

l=5
0.500

0.490

0.480

o.470

0.480 p(Fl.rrr)= 0.002

¿=5

0.558

o.544

0.517

0.516

0.501

'y:Norr-ìimi ted Budget Scenario

P(F\,,,*,) / = 1

p(Fltt,t)= 0.450

p(Fl,r,r,r)= 0-460

P(Flt,r,s)= o.47o

p(Fl¡,r,,t): 0.480

P(Fl t.'.)= o.4eo

¡ 
- 

r Àt¿ 
- 

l.,,..JvF^ = ¡

l-.) t-t t ,r 
- 

o L 
-+

0.250 0.150 0.100

0.240 0.150 0.100

0.230 0.150 0.100

0.220 0.150 0.i00

0.210 0.150 0.100

0.063

0.062

0.061

0.058

0.057

/=5
0.050

0.050

0.050

0.050

0.050

P(F|,,,*,) t = 7

p(FJ¡,r,t)= 0.48s

p(Fl,r,r,)= 0.4e3

p(F|,rt,)= o.4ee

p(F/,r,r,n) = o.5oo

P(F),,')= 0.512

'y= Non-linilted Budget Scenario

/:1.....No^ =5
,...-.) t-c t- À. 

-o 
L-4

o.244 0.722 0.082

o.246 0.117 0.082

o.249 0.113 0.078

0.260 0.109 0.073

0.256 0.102 0.073

?:tlndetemrined Budget Scenario

/=1.....Iün^ =5
l=2 l=3 I=4
0.010 0.150 0.330

0.200 0.250 0.200

0.200 0.250 0.200

0.200 0.2s0 0.200

0.010 0.150 0.370

f:5
0.500

0.340

0.340

0.340

0.460

p(F!,;,*,t) l: 1

P(4,r,r,r ) = o.oo2

p(Fl,rt,) = o.oo2

p(FÅtt,s) = 0.002

p(F|,, 
,t ,n) = o.oo2

p(Flt.r.s) = 0.002

'y= Undeteruriued Budget Scenario

P(Fl,;,,.,) I :1
p(F|,r,r,r)= o.o1o

p(Fl; ¡,2)= o.o1o

p(F|¡,r,): o.olo

p(F|,r,r,n)= o.o1o

p(Flt¡.s)= 0.010

/ = 1,.....À/n^ = 5

l=2 l:3 l=4 /=S
0.083 0.361 0.361 0.193

0.092 0.363 0.363 0.180

0.102 0.364 0.364 0.168

0.111 0.365 0.365 0.157

0.122 0.366 0.366 0.744
Note:Irrdex /ts arein the orderofdecreasinglevel ofactualfrurcling, /= 1 ) I = 2; l=,2 ) I = 3, etc.
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Table 5.3: The Pairwise Com rison scale for cìenerati'g Tra'sfo'rnation probabirities
Value Defurition*

I Equaliy l.ikely

3 Moderate likel.ihood of one over

the other

5 Sirong likelihood of one over

the other

7 Very strong likelihood of one

over the other

I Ðxtreme likelihood of one over

the other

2, 4, 6, I hrterniediate values between

adjacent judgrnents

Expianation

Trvo eìements equally importauce

Experielrce and judgment

slightly favou¡ oue over auother

Ðxperience and judgrnent strongly

favorr one over amother

A¡r eler-nent is very strongly

favour one over another

The evident extremìy

favou¡ one over another

Cornpromise is needed

between tlvo judgmeuts

#) The úerminology modified to h¿ve meaning in ierms of probabilities

The irnportant features of the AHP rnethocl with respect to its ability to geneïate prob-

abilities frorn subjec.tive assesrnent can be clescribecl as follows (Zahedi, 1g86; Saaty ancl

Vargas,1991):

1. It c.an accorllodate qualitative preference juclgments, rather than nu¡rerical values, for

pairwise comparison of the likelihoods of actual funcling allocation levels.

2. It is a formal meclìanism for pairwise cornparison, ancl has the aclvantage tirat it is

easier to fonn pairwise judgrnents between two particuÌar objects than to construct an

entiÌe ordering among all the objects simultaneously.

3. It provicles a means of iclentifying any inconsistencies ancl intransitivities associatecl

with the subjective assessrnents elicited from the DM.

4. It is a collective opinion technique for eliciting both incliviclual ancl group juclgrnents. In

tlre latter case' when there is disaggreement the geontetric rneo,n apptoach is pïefeïred

to combine group judgrnents (Saaty and Vargas, 1gg1).

Following a brief review of an eigenvalue methorl as proposecl by Saaty (Ig7T) and yageï

(1979)' two applications of the proceclure for generation of subjective assessrnents for trans-

forrnation probabilities matrices and for estirnation of the [kelihoocl oï the possibility rating
for f't're budget availabilìty being addressed in this thesis are examined.
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Theory

In certain types of stochastic decision making, one task facecl by the rnocleller is the

extraction froÙr a decision mal<er of his or her subjective evaluations for a set of cliscrete,

finite, mutually exclusive, ancl exhaustive events. Consicler a clecision problern in which a set

of such events, At,Az,...,A, are exarninecl ancl it is clesireci to obtain the set of probabilities

PtrPzr...rP" associatecl with each event snch that fj=, pn : 1. Furthennore, assume

that the decision mal<et's subjective consicleration is usecl in clete¡¡ining the values of the

probabilities Po.

Once these probabilities have been obtainecl a matrix I/ consisting of the ratio of these

probabilities, can be fornlulated, i.e.,:

W-

hlh h,lPz hlPs...hlP"
PzlP, PzlPz PzlPs...PzlP"

(5. 18 )

P"lP, P,lPz P,lPs...P,lP"

It shoulcl be noted that trZ has the following properties:

Weo = PnlPo, (5.1e)

(5.20)

(5.21)

the product of W anc'

X_ (5.22)

Wsg : I,

Wso:7fws"=PolPs.

The above properties are cailecl the consistency of I4l. Now consicler

the vector * consisting of the probabilities:

P1

P2

P"
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hlP, PtlPz P.tlP"

P"lPt P"lPz P"l P"

P1

P2

P,

sPt

-s Pz

sPs

sPr

P1

P2

P,

- .,v (5.23)

srs therefore an eigenvaiue of w (^), thatis,s satisfies the equation:

W X = sX (s.24)

OI

x(w -À1) :6 Ø.25)

ancl it is an eigenvector associatecl with that eigenvalue. Saaty (IgTT)has shown that trZ has

s - 1 eigenvalues which are zero and the remaining eigenvalue, Àr,ro" is s.

The real problem is, however, that the Ptn.s are unknown and rnust sornehow be extractecl

frorn the DM. The problern of extraction of subjective probabilities is one fraugçht with ¡rany
clan¡çers (Brown et al., I974 and Taylor, 1984) sorne of which were cliscussecl in the previous

subsection. Although the DM rnay try to process all his/her subjective feelings onto a harcl

scale the process is usually quite difficult, particularly when s gets large. However, as Saaty

(1977) and Yager (1979) have argued, it is easier for the DM to cornpare events two at a tirne

and thereby avoid "Belhnan's curse of dinensionality" (Yager,IgTg). Saaty (lgTT) sirnilar-

ly states, that it is psychologically easier for nost inclivicluals to fonn pairwise juclgrnents

between two particular objects than to construct an entire orclering aùrong the s objects.

Method

The DM is flrst askecl to give his or her subjective evaluation of whether event An or Ao

is more likely to occul') i.e., which has a higher probability of occurence. The DM is then

askecl to express the ratio of the probability of the rnore likely event over the probability of
the less likely' Assuming An is preferred to Ao the probability is callecl the likelihood of An

over Ao' Saaty (1977) proposed a scoring frarne with which to evaluate this question ancl

suggests an integer scale of 1-9, in wirich the values can be interpreted as shown in Table 5.3.
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A rnatrix B of cliÛrension s x s, can now be constructecl in the following rnanner. The
DM compares ,4o and Ao along the scale shown in Table 5.3, ancl selects a value clepencling

upon the clegree of preference. Without loss of generality, it is assurned that An is preferrecl

to Ao' The nurnber generated is then assigneil to óno representing the extent of the preference

for Ao relative to Ao, while ðoo becomes 1f bs.. The proceclure is continuecl in this rnanrìer

for all pairs. Note that bsg :1. The matrix .B composecl of the elenents öno reflects the
f)M's subjective evaluation of the probabilities of the various events ancl is in such a fomr
as to be the DM's approxiuation of the theoletical matrix I4l. Since B is an approxirnation

of W , the desiled final probabilities can be obtainecl by flncling the largest eigenvalue of B,
narnely À,,rn" and then fincling the unit eigenvector x = çxr,ir,...,î") associate¿ with
À,,,o'. The unit eigenvector is that whose sum of elernents is one. The î1 , ir, . .., î" aru

then the leaüzation of the DM's subjective probabilities as representecl by r¡atrix B.

Consistency of the Probabilities

It should be noted that the crucial feature which leacls to the goorl results obtainecl fronl
tlris rnethod is the special structure of w. This special structure is wnof uon : usq ancl is clue

to tlre fact that uso : PnlPo,uoq Pof Pq, ancl therefore (pnlp")p"lpq : pnlpn : usq.

This property is called the consistency plopeïty of W.

In constructing the ernpirical rnatrix, B, in the rnanner clescribecl, the consistency is not
ensured. Matrices constructed by pair-wise comparisons are selclorn if ever perfectly consistent

(Yager, 1979). Furthemrore in rnany instances they are intransitive. Saaty (lgTT) has shown

that the vahie of À,,,o" is a good measuïe of consistency of B. If the DM was perfectly

consistent then Àr,ro" : s. The more Àr'ro" rliverges from s the gleater the inconsistency

occuring in the constt'uction of B. It has been suggesterl that a Consistency Inclex (CI),
where CI : (À - -s)/(s - 1), be usecl as a Ineasure of cleviation frou consistency. The term

Consistency Ratio (CR), where C R : C I I C f can then be usecl to rneasure the clivergence of
the calculaterl C I lelative to an ripirer lirnit (C f) of C I. This upper liûrit CI* is generaterl

by assriÛring that all the entt'ies of the matlices usecl in caic.ulation are ranclornly generatecl,

i'e', they show the worst consistency scenario for particular rnatrix size. The closer CÆ

(which takes a value between 0 ancl 1) is to zero, the greater the degree of consistency of
tlre nratrix B. Saaty (1977) indicates that CR shoulcl be around 10 percent or,ìess, to be
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acceptable. Therefore, if the largest eigenvalu e of B is close to s, it is reasonable to believe

that the rnatrix forrns a fairly reasonable basis for contructing the weights. If À,,.o" rliverges

significantly froll s or B Ìras solne obvious inconsistency ancl intlansitivities, the DM can be

presented wiih this infonnation ancl askecl to re-consicler his or her preference selec.tions to
try to fonn a rnore consistent matrix.

Procedure for Generation of the Tlansformation Frobabilities Using the AHp
Method

In this rnoclel, for given (fixed) values of t, i, ND,,,,*, NFr,,,* ancl l{p¡,,,,- the DM_

s/assessors have to clecide upon the likeljhood of various levels of actual funcling d given a
specified buclget scenario ancl a I'ange of possible funcling clecisions Df to selec.t frorn for ali

I: I,...rNFr,,,* ancl Ã,: 1,...,NDr,,,_.To accompljsh such assessrnent, the DMs/assessols

have the option of expressing preferences between the two as equally likely, rnorlerate likely,

strong likely, and absolute likely to occur, which woulcl be translatecl into pairwise weights

of 1, 3, 4,5,7 and 9, respectively, with 2,4,6, ancl B as intermecliate values (see the Saaty

scale in Table 5.3).

The actual generation of the transformation probability sub-rn attix p(F!,n,rr,*)a with
NDr,r,,, rows and NFr,,,* colurnns starts with rnaking qualitative pairwise cornparisons of
each level I of F! for a given level ,k of Df for I : I,...,NFr,,,* ancl ,L : 7,...,1ú¡,,,,-using

Saat.y's scale' As described previously, three factoïs govern the assessrnents of slch pairwise

cornparisons, namely the scenarios of future buclget availability (see Figure 5.4), the histori-

cal data, and the relationship aurong inter-relatecl parameters t, L!, PFlrr, Df in the SDp.

I{aving obtained the composite weight for each level of / using the eigenvalue methocl ¿e-

scribed above (trquation (5.25)), the next step is calculate the consistency ratio C.R for such

an assessnÌent. Once the C-R falls within an acceptable lirnit the cornposite weights becorle

the entries for the k¿l' row of the transfonnation probability sub-rn atrix p(F!,o,ur,n)1 . This

procedure is repeated for all different values of t, i, m, k.

Consider the following exarnple to demonstrate use of the proceclure. For a fixecl t, i, nt,

with NFr,,,,n = 3 = NDr,r,^, and for 7= "Undeterrninecl lluclget" scenario (i.e., the actual

buclget will lie sornewhere in between the uaxirnurn ancl rninimurn level), let the qualitative

assessurents for the Dr1 be:
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Actual funding level 2: { is moderate}y more likely to occur than -{.

Actual funding level 3: ff is stightly more likely to occur than ,{.

Actual funding ievel 2: ,ff is moderately more likely to occur than ff.

The rest of assessments are reciprocals, e.g., Ì-¿'1 over F! is reciprocal of Fl over F| .

After translating these pairwise qualitative assessments into numerical numbers, the ma-

trix B of the pairwise comparison would be

Applying

associated

ue (Equation (5.25)) and the

À^o, = 3.05; W

Therefore,

P(F|,;,^,) = 0.16 P(F?,;,*,) = 0.59 P@f,¿,*,r) = 0-25

would be an assessment of the subjective probabilities of the "Undetermined Budget" scenario

for tr[¡,,,,- = 3. The corresponding Consistency Index (C I) :0.025 and while the Consistency

Ratio CR Gn = CIICF) where CI* is the consistency index for a comptetely random

process (For 1/¡,,,,- : 3 , CI* = 0.58) is 0.034 which is less than 0.10 indicating good

consistency (Saaty, 1977, L982).

Examples of transformation probabiüties generated by the subjective model with the

AHP method for the three scenarios of future budget availability discussed earlier are given

in Table 5.2.

Fl F? Fl
F| f r rtl Uzln- F? ls 1 Bl
Ff l, lts rl

the procedures for evaluating the maximum eigenval

unit eigenvectors, results in

I o.io

: I o.un

|0,,
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5.7"Y Fossihility Ratings of, the Scer¡arios of F-l¡tune Eudget

AvaíXabilíty by the AHF N{ethod

Four steps of analytic. thought under[e the use of the AHP in estimating the rate/scale of
the likelihoocl of each of the three scenarios of future buclget availability, narnel.y:

i) Constructing the decision/rating hierarchy by breaking clown the rating problern into a
hierarchy of inter-relatecl decision/rating elernents,

ii) Collecting input data through elicitation of subjective input frorn DM(s) or assessor(s)

by pairwise cornpalisons of rating/elernents,

iii) Ðstinating the relative weights of lating elements using the eigenvaiue rnethocl inclucling

checking of logical c.onsistency of those subjective juclgrnents/inputs,

iv) Aggregating the lelative weights of rating/decision elements to arrive at a set of ratings

for the scenar.io of future budget availability.

These principles rnay be best ciescribecl using a simple problern as an exarnple on how the four

steps described above are perforuecl. Consicler the following exauple of a sirnple clecision

problern of 'Sectoral lìudgetary Allocation' in a rleveloping country such as Inclonesia. The

first step of applying the AHP is to clefine the relevant factors for this problem, for exa¡rple,

the set of alternative sectors to be considelecl , and the rnost appropriate critelia fol. a
sectoral budget allocation. These factors may be structurecl into a hierarchy of levels of
factors as shown in Figure 5.5. In Figure 5.5 the letter '-L' followecl by a nurnelical clenotes

the hierarchical level. The highest level (tr1) represents the overall objective of sectoral

budget allocation. The intennediate levet (tr2) is cornprisecl of the four criteria for sectoral

budgetary allocation, namely: ecor-ront'ic, ltolitical, social, and er¿ait'onn¿er¿tal . The jowest

level (tr3) are the alternative ancl competing sectors for investrnent. The factors in this level

contribute to the overall focus of the problem through their irnpact on the interrnecliate level.

In this exarnple problern, three competing sectors for investrnent were consiclerecl, na¡rely,

Agriculture, Tlanspoltation, and Inclustry.

The sec.oncl step is to establish a numerical priority among alternatives by comparing the

elernents in one level against all others in the sarne level in terms of how they coniribuie to
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L1

L2

L3

Figure 5.5: Hierarchy of Sectorai Budget Allocation fo¡ Demonstration of AHP Method

for Possibility Ratings of Sectoral Budget Allocation

Table 5.4: Comparison of Criteria for Demonstration of AHP Method for Possibility

Ratings of Sectoral B_g494 alglgtign for the Example Problem in Figure 5.5

the eiements on the preceding (upper) level. For example, in this example each component

of. L2 is compared with all other elements in .t2 according to how much they contribute to

overall problem stated at tr1 using the comparison scale described previously in Table 5.3. If
the economic aspect of the sector is moderately more important than its social aspect a scale

of '3' might be placed in the row-econornic, column- social entry. Similarly, if the economic

aspect is judged to be only slightly more important than the political aspect, a scale of '2'

might be placed in the row-econornic, column- politi,cal entry. A similar pïocess takes place

for the other entries, except forthe inverse relation, e.g., comparingsocial against econornic.

In this entry a reciprocal scale is used. The results of this comparison for the Indonesian

demonstration case are shown in Table 5.4.

A similar process is applied for factors in the lower level. In this case, each sector at -L3

is compared with the other sectors in the same level accord,ing to the L2 economic, politicø\,
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Priorities

0.45

o.26

o.L2

o.L7

Env.

,il

Econ. Pol. Soc.

Economic lr 2 3
I

Political lt/z r 2
ISocial 
\tt" 

rl2 1

Environ:rrental Lt/S 7/2 2



Table 5.5: Comparisons of Aiternatives with Respect to Criteria for

AHP Method for Possibility Ratings of Sectoral Budget Allocation

Problem in Figure 5.5

Agr.

Tran.

Ind.

Social

Agr. Tran.

Asr. J1 3

Tran. lr/s 1

rnd. It/5 t/2

Econornic

Agr. Tran. I¡d.

ll : :,:lf. , ,)

Priorities

o.2L

o.24

0.54

Priorities

0.65.

0.23

o.72

Ind. P¡iorities

tþl o.2o

r I o.4o

t J o.4o

Ag1.

Trarr.

Iad.

cal

Tran.

1/2

1

1

nenta.l

Tran.

ó

1

7/3

Politi

Agr.

t:
t,
Agr.

lr't,

Ind.

il
Agr'

Tran.

Ind-

L:rd.

ö

1

Priorities

o.67

o.24

0.09

social, and enuironmental factors as shown in Table 5.5 which gives the complete resuLts of

the analysis.

The third step of the procedure is estimate the relative weight/importance of each rating

element using the eigenvalue method (Saaty, 1977, 1980). Once the matrices in each level are

completed, the relative importance of the elements in that level is given by the eigenvector of

the matrix judgments obtained using Equation (5.25) described previously. These priorities

are shown in the right side of each matrix. Note that since the components of each eigenvector

sum to unity, the priority of each factor can be expressed in a percentage.

In addition to that result, the logical consistency of comparison judgments performed in

the step 2 can be checked using the consistency ratio C,B suggested by Saaty (7977, 1980)

described in Subsection 5.6.6. The consistency ratio for the 4x4 matrix in Table 5.4 is 0.020,

and is 0.072,0.00, 0.002, and 0.004 for the Economic, Political, Social and Environmþntal

matrices respectively in Table 5.5. Note that in all cases the consistency ratio is less than

10% indicating good consistency in the example responses.

The fourth step is to aggregate the relative weights/priorities of each element. The

composite priorities of the sectors with respect to all the criteria are obtained by multiplying

the priorities of the sectors under each criterion by the priority of the criterion and adding

across criteria. The results of such an analysis for the example problem are given in Tabie

5.6, which shows that the Industry sector has the highest priority.

Demonstration of

for the Example
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Table 5.6: Oomposite

Ratings of Sectoral Bu

Pr-iorities for Demonstration of AIIP Methocl

et Allocation for the Exam le Problem in Fi

for

ure

Possibility

5.5

The relevant factors, subfactors, hierarchy, and the results of performing the four steps

of the AHP rnethocl for determination of the possibility ratings of scenario of firture bucl-

get availability for investrnent are given in Chapter 7 Sub-section 7.2.I ancl Table A.1g in
Appenclix resp ectively.

Agr.iculture

Transportation

hrdustry

Econornic

(.45)

0.21

o.24

0.54

Political Sociaì

(.26) (.12)

0.20 0.65

0.40 0.23

0.40 0.12

Envirorunental

(.17)

u.b /

o.24

0.09

Composite

Priorities

o.34

0.28

0.38
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6.L.l- Selection Criteria

Uncertainties related to socio-economic issues are an important and possibly the most diffi-

cult factor to recognize in water resources planning. As pointed out by several researchers

(Loucks, 1977; Bower and Hufschmidt, 1984; Chaturvedi, 7992; and Sutardi and Goulter,

1993) there is a need to give an adequate attention in water resouïces planning activities,

especially in investment planning, to recognize and provide a means of measuring social end

effects of projects. Most planning and decision making activities emphasize the engineering

and economic aspects of projects. Many water resources management agencies often fail to

seek and obtain the understanding, support, and participation of the people affected when

they are planning, designing , building, operating, and maintaining water resources svstems
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(Chaturvedi, 7992). This deficiency in management is often reflected in failure to achieve

the anticipated outputs of projects, increased costs in design and construction of project

elements, rapid deterioration of project facilities caused by inadequate maintenance, and

increased adverse environmental and social effects of projects (Chaturvedi, Igg2). In this s-

tudy, uncertainties related to socio-technical and political factors contributing to the success

of such projects in terms of their rate of utilization and productivity are recognized and their

possible inclusion into a portfolio model for selecting a project eligible for implementation

are examined. The means by which these factors are considered now, and by which they will

be addressed in the proposed reseanch, are strongly related to the nature of the problems

involved in water resources development and can therefore be quite "problem specific." The

focus of the discussion in this thesis and the examples used to demonstrate the issues is the

water resources planning and more specifically irrigated development planning in Indonesia

In order to minimize the degree of socio-economic uncertainty and to avoid the excessive

time lags between project completion and full utilization such as those currently being ob-

served in Indonesia, criteria used for project selection should incorporate the socio-technical

and political issues related to both the agricultural production and marketing subsystems

identified by Sutardi and Goulter (i993). These criteria include such factors as the readiness

of farmers to fully utilize newly developed agricultural areas, the experience and ability of

farmers to exploit new technology such as technical irrigation schemes, and the extent of ex-

isting rice flelds in the new irrigation schemes, etc. These criteria can then be combined with

criteria related to the physical potential that are used to deflne technical and environmental

eligibility of the potential projects.

A procedure based on quantitative measures of 'social suitability' which are then com-

bined, through a system of weights and/or regression analyses, with the pure physical po-

tential factors is proposed to consider the major social and traditional physical factors con-

tributing to project success. In this study the specific socio-technical, economic, and political

factors which underlie the irrigation agriculture systems, i.e., the water control subsystem,

and the agricultural production and marketing subsystems, are recognized and incorporated

as selection criteria in the decision making processes of project selection for implementa-

tion. In ljne with the development objectives of irrigation projects in Indonesia mentioned in
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Chapter 3, three general selection criteria related to technicai (physical potential), environ-

mental, social, and economic aspects (discussed separately under the heading of probabilistic

economic analysis) issues are proposed. These three aspects have to be satisfied, or at least

achieved to some extent, in order for a project to be eligible for implementation.

6.1.1.1 Fhysical Potential and Environmental Aspects

Technical Criteria

1) Water Availability and Quality at Water Source:

A measure of dependable flow, defined as a "minimum" discharge in the river during the

dry season, is used as the basis of water availability. This approach is especially appJicable

for those irrigation areas where the water sollrce is a run-of-the-river d.iversion system. A

dependable discharge of 70% exceedence (70% of the time the discharge is exceeded) is used

as the minimum discharge during the dry season in order to irrigate the second crop. For

the first crop, which usually occurs in the rainy season, water availability is not a major

constraint since the water is only needed as a supplementary irrigation supply. The same

minimum discharge for the dry season is therefore applicable for the rainy season.

Water quality aspects are somewhat less complex mathematically with water quality

simply having to satisfy specified criteria for agricultural uses.

2) Soil Fertility:

Soil fertility is a critical criterion for ensuring that net farm income for a small land holder

(rice farmer) in a project area is sufficient to support a family unit (In the Indonesian context

a small land owner is defined as one owns two or less hectares of land.) Two measures ate

used to specify soil fertility, or more precisely, soil productivity in a particular area:

ø productivity level of rice crops in existing fields in the proposed or surrounding area;

and

ø the existence of relatively infertile peat/sandy soil. These types of soils should be

limited Lo 75% of the total area to be developed.

Environmental Criteria:

3) Topographic Conditions:

In order for a project to be eligible the topography of the project area has to be dominated
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by flat areas with at least 60% of the project area being in this category. Gently sloping and

undulating areas are limited to 25% and 75% of the total area respectively. This criterion

ensures that irrigation facilities should only be built on mainly flat areas to minimize distur-

bance on relatively vulnerable steep terrains. This concern is to preserve watershed ecology

of catchment areas.

4) Present and Future Land Use (Land Use Zoning):

There are two concerns related to this criterion. In terms of present land use the more

rice flelds already in existence in the region, the more preferable is the project. On the other
hand the existence of perenial crops such as cofee, cloves etc. in the area should be at a
minimum' A value of 15% of the total area has been proposed as the maximum allowable

for land already used for perenial crops if the region is to be eligible for development. The
same maximum limit for forest losses (15%) is also imposed. This criterion is intended to
preserYe the existence of the very limited tropical forests and to maintain the watershed

ecology balance of catchment areas.

In terms of future land use, zoning is needed to ensure that the areas proposed for
irrigation development are assigned as agricultural areas in a regional master plan. This
approach with its implicit restrictions provide a means to avoid conflicts of interest if land
resources become scarce in the future.

5) Drainage Conditions:

This criterion is to ensure that the cost of drainage and flood protection works is kept to a
minimum (the cost of drainage should be less or equal than 75%of the total construction cost).

If this criterion is not considered , the project may become dominated by drainage issues

thereby requiring it to be treated as a swamp reclamation project rather than an irrigation
development project. This criterion also attempts to minimize disturbance of swampy areas

in order to preserve the existence of wet land eco-systems.

Social Criteria:

6) Land Distribution:

Land distribution, or more specifically the non-uniform distribution of land ownership,

was found to be a significant factor in delays in the utiijsation of a number of newly completed

schemes located off Java (Sutardi, 1988). It is therefoïe proposed that project selection
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criteria recognise that the more evenly the land is distributed to the existing small

holder/ farmers in the area, the more preferable the project. Even distribution of land

be achieved by uniform distribution of land during the introduction of farmers through

transmigration/resettlement program.

7) Site Location:

This criterion is to restrict the distance of the project site from existing supply and

market settlements. Fulfillment of this criterion minimises post harvesting processing and

transportation costs and thereby stimulates overall development of the agricultural economic

base.

6.I.1,.2 Social Aspects

Note that the following discussion of social aspects is related to conditions in Indonesia

and is therefore only vaüd for Indonesia. However, the general approach and even some of
the characteristics are valid for application to other areas. The important feature is how

such factors can be handled explicitly in the optimization framework in particular and in the

planning process in general.

Socio-Political Support for Tlansmigration and Regional Development
Compared to those projects devoted to the singie goal of maximizing net benefit, irrigation

projects associated with the transmigration (migration within islands of Indonesia to relieve

uneven population density) program in Indonesia have not performed well on the basis of
ciassical Benefit-Cost economic indicators. Transmigration programs are implemented for
irrigation projects located in remote areas. It is expensive to transport equipment to and

to build adequate facilities in these remote regions. Similarly there are also costs associated

with providing community facilities and land development for transmigrants.

Quantifying the contributions of irrigation projects to the transmigration and regional

development goal can be undertaken as follows. In transmigration projects one hectare of
land is distributed to each family for food crop production. The number of transmigrant

families that receive one hectare of irrigated rice field from a particular irrigation pro.ject

wiil also have an employment impact in the surrounding area as production from the farms

generates secondary agro-business. The greater the agricultural production the greater the
secondary benefits. A reasonable surrogate for the aggregate ofthese primary and secondary

land

can

the
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benefits is the number of transmigrants who directly receive irrigated rice fields.

6.1.1.3 Agricultural Froduction and Marketing Factors Related to Farmer
Readiness Criteria

Several factors, for example, understanding, support, participation, and readiness of farm-
ers for using and exploiting newly completed irrigation facilities which underlie the agricul-

tural production and marketing subsystems, were found to be a major determinant in the

rate of the utilisation and productivity of compieted schemes. Based on Indonesian irrigation
development experiences ( Sutardi, 1988; Sutardi et a1., 19g1a; and Sutarcli and Goulter,

1993) these factors can be more explicitly defined in terms of the following eight sub-criteria:

1) Utilisation of existing irrigation schemes:

The higher the level of utilisation of existing irrigation schemes in a particular area, or

surrounding such area, the more ready are the farmers in that area to utilise the new scheme.

If the existing rate of utilisation is very low, it is generally inappropriate, at least for the time

being, to build another new scheme.

2) Productivity of the farmers in existing rice fields:

If farmers in existing rice fields are productive, the farmers who take up the newly clevel-

oped rice fields are also likely to be productive.

3) The rate of use of the new technologic inputs:

The greater the current use of new technologies, the more willing are the farmers to
use even more advanced technology and the "Fu1l Development" condition of new scheme is

reached more rapidly.

4) Irrigation efficiency in existing schemes in or near the project:

The higher the existing irrigation efrciency, the more familiar the farmers are with tech-

nical irrigation schemes. It is therefore easier for these farmers to exploit fully the new

technologies in the newly developed irrigation systems. This criterion is required since the
performance in existing schemes and hence ability of the farmers to exploit new irrigation
facilities will differ from region to region.

5) Agricultural support services:

Agricultural support, in terms of the agricultural services, markets, access roads and in-
stitutional (extension services) support currently available in or surrounding the project area
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are important to project success. Experience in Indonesia has shown that the more complete

these services are initially, the faster the "Full Development" condition of the proposed new

scheme is reached.

6) Operation and maintenance:

Farmer groups are responsible for operation and maintenance of irrigation facilities at

the tertiary level of water delivery. The better the operation and maintenance activities

carried out by farmers groltps already in surrounding areas, or already within the proposed

development atea, the greater the likelihood that the same conditions will occur for the new

scheme.

7) Numbers of farmers in the potential areas:

The sufrcient number of farmers in the potentiai projects area is required to ensure that
the projected rate of utilization of the potential project can be achieved. If there is a lack of

farmers in the potential areas the additionai farmer can be brought in these areas through

the transmigration /resettiement program.

8) Land ownership certification:

Land ownership certification is required to ensure an adequate and even distribution of

land in the potential areas. This condition is appropriate for encouraging an individual farmer

to exploit his or her newly irrigated land since land ownership certificate can be used as a

guarantee for land development loan and hence accelerate the rate of overall utilization of

newly completed irrigation facilities.

Inclusion of the above factors is intended to improve the traditional Benefit-Cost analysis

dominated procedures currently being applied in the foüowing manner:

1) Formal inclusion of non-economic criteria, such as socio-political support for transmi-

gration and regional development, for selection of irrigation projects enables projects dominat-

ed by non-economic concerns to "compete" more effectively for selection with those projects

which are dominated by favourable benefit cost conditions but which do not match the non-

economic goals.

2) Explicit consideration of social aspects of irrigation project development enable the

planner to identify those projects that have favourable scores in the Benefit-Cost analysis,

but whose predicted scores for social responses foilowing the completion of irrigation scheme
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are low.

3) It provides a means to expiicitly and quantitatively measuïe the magnitude of support

and participation expected to be obtained from farmers using irrigation facilities.

The following subsection addresses the development of the scoring prediction model for

the above selection criteria.

6"L"2 scoring Frediction lVlodel fon selection critenia
As discussed in Chapter 4 Subsection 4.1.3 there are a number of approaches , e.g., point

allocation and unit weighting which are suitable for quantifying 'unquantiflable' social factors

associated in the selection criteria so that these factors can be incorporated quantitatively

in the investment decision making. The following appïoaches are considered appropriate for

a scoring prediction model to quantify those selection criteria (Mann et al., 1gB7; Flug ancl

Ahmed, 1990; Sutardi et al., 1991a; Hukkinen, 1991; Murdock et al., 1gg1; and Sutardi and

Goulter, 1993).

1) Point allocation and unit weighting.

The point allocation method is simple. In this method the DM or the planner is asked

to distribute a fixed number of points (100 in this study) among the various attributes or

sub-criteria so as to reflect their relative importance. Following this scoring procedure, a unit

weighting method, in which the independent variables are first standardized to exhibit equal

mean and variance and are then added together into a composite score, is applied.

The selection criteria in terms of technical or social factors are applied in the project

selection process by determining the values for each parameter for a particular project and

then comparing those values to an ideal value or standard. The joint or combined evalution

of ail sub-criteria is performed by assigning to each parameter a weight reflecting the relative

importance of the associated sub-criteria. Note that use of an ideal standard is required for
each sub-criteria to ensure that, if the ideal standard is surpassed, a contribution greater

than 100% is not included in the weighted score. An example of the use of this process using

realistic values for each criteria for the case study in Indonesia is shown in Table 6.1 for
Physical Potential and Environmental criteria and Tabie 6.2 for Agricultural Production and

Marketing support criteria.
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c ol ùcorlltg LlsI IoI otentral and. llnvtronmental Ltrlter
Factors Lower Upper Weight Total Notes

Bound Bor,r¡rd (%) Weight(%)

Technical Criteria

1 Water Availability

a Dependable discharge

Q7s, for every 1000 ha

b Water Quality

1.6

(m3 /sec)
good

A dependable discharge at

70% exceedence is used as

lhe rninimum discharge during

dry season second crop.

40

5

2 Land Fertiìity 15 Reflected in the present

productivity of project
a Peat/sandy soil O 75% g a¡ea to ensu¡e that net fam
(Sts% of totaì area) income is su_fficient to support
b Land productivity 4 tonfha 6 fa¡nily living.
(rice ton/ha)

Environmental Criteria

3 Topography condition 10 The flatter the area, the less

(% of total area) expensive it is to develop the
a Flat area (> 60%) 60% s land (rice field).
b Gentle slope (< 25%) o 2s% 3 These criteria ensure a rninimal
c Unduìating (< I5%) O L5% 2 dtsturbance on very steep terrain

by specifying maximum allowable loss.

4 Land use

(To total area)

a Rice field (> 50%)

b Upland (< 2o%)

c Perenial Crops (( 15%)

d Forest/shurbs (< 1S%)

20%

7sT

t5%

The ¡nore perennial crops already

existing, the less preferable

is the area. Conversely the

more rice fields in existence

the more preferable.

These criteria preserve the

existence of tropical forests

by specifying maximum allowable ìoss.

15

50%

3

3

5 Drainage condition 10 The cheaper the cost of drainage
a Inr-¡¡rdation area O 20% S the more suitable the watershed
b Period of im:¡rdation 0 3 days 2

c Natural drainage good 1 These criteria preserve the
d Drainage facilities O lS% 2 existence of wet land eco_systems

(S l5%total cost) by specifying maximum allowable loss.

Social Criteria

6 Land Distribution

Distributed evenly

(r-z halfarnity)

65% roo%

The more equally distributed the

land ownership the more preferable

is the project.

7 Site location

Access road

(( 20 km.in length)

The closer the site to existing

support infrastuctr:¡e the more

suitable it is.

0 520 k¡n

Total weight (%) 100
1 QK

Source: Sutardi et al. (1991)

ÞÞþj!.j¡qqple of Scoring List for Physical Potential and Envi I Criteria



Table 6.2: Example of Scoring List for Agricultural Production and Marketing Criteria

Factors Lower Upper Weight Total Notes

Bou¡rd Bor¡¡rd (%) Weishi(%)
1 Utilization of

Existing schemes

in the surrouading

area

7s% of

irrigable

afea

15 The higher the level of

utilization of existing

imigation scheme, the more

ready is the farmers.
2 Productivity of

Existing Rice Field

4 tonf}:,a 15 The greater the producúiviiy

of the farmer in existing

rice field, the greater the

likelihood of produciivity

in the new scheme.

3 Use of new inputs 15 The greater the current use,

a. High Yield Variety use Bo% IoOTo s the more willing are the
b. Fertilizer use 4íOkg/ha 5 the fa¡mers to take on

c. Insecticideuse 0 6l/ha 2 new approaches.

d. Cu-ltivation practice good 3

4 Agricultual Support

a. Irrput Supply

b. Market

c, Access road

15 The more compìete these type
good

available

good

7 of service the faster the

"F\¡ll Development".5

5 Irrigation Efficiency

(on existing scheme)

TOTo too% 10 The higher the existing

irrigation efficiency, the

more farnilia¡ are the

far¡ners with t echlical

irrigation schemes.

6 Operation and

Maintenance at

Tertiary Level

good 10 The better the Operation and

Maintenace the greater the

Iikelihood that the same

condition will also occu¡.
7 Nurnber of Farmers

in the potential areas

300 persons 1000 persons

per 1000 Ha per 1000 Ha

10 The su-fficient number of

fanners in the potential

areas is required to accelerate

their rate of utiìization.
I Land Ownership

certification

Total weight (%)

35% 700% 5 Land Ownership certification

ensule an adequate and even land

distribution in the potential areas.

100

Sou¡ce: Sutardi et a.L (1991)
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2) Multipte Variable R.egression Analysis

In the apparent absence of better approaches for predicting the future performance of

potential projects in terms of those selection criteria described previously a scoring prediction

model consisting independent variables reflecting each component of such selection criteria

is proposed. A multiple variable regression model based on the previous performance of

the completed water resources projects is generally sufficient to accomplish such purpose

(Mann et a1., 1987, and Murdock et al., 1991). (Refer to Chapter 2, Subsection 2.1.5 and

Chapter 4, Subsection 4.2.3). Such prediction models have the potential to predict the future

performance of the projects under consideration as long as these projects have similarities

in terms of their social characteristics to those projects that have been used to develop the

prediction model.

To achieve this consistency, completed water resouïces projects (irrigation projects) must

be 'regionalized' with respect to their social conditions. In the Indonesian case study, types

of regions for which the regression models might be developed are:

ø Regions in Java: this sector represents the most developed region and the farmers most

experienced in using irrigation facilities in the country.

ø Regions off Java: this sector is very diverse and therefore the regions within the category

must be further categorized in:

developed regions: representing adequacy of agricultural support services, relative to

regions in Java, but with less experienced farmers.

under developed regions: representing inadequate agricuitural support service, rela-

tive to regions in Java, with farmers inexperienced in using irrigation faciljties.

On the basis of the above assumptions two multipte variable regression models related to

the Physical Potential and Environmental criteria (refer to Table 6.1) and the Agricultural

Production and Marketing criteria (refer to Table 6.2) on the completed irrigation projects are

developed. These two complete/fult regression model/scoring prediction modeLs are described

as follows.

a) Scoring prediction model for the Physical Potential and Environmental (PPE) criteria:
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The scoring of PPB criteria of project j is determined by the following model:

E(PPEj): (o * etUt¡ I (zUz¡ t ÇsUz¡ * (qUq¡ * ÇsUs¡ I ÇaUa¡ * ez(Iz¡ Ie (6.1)

where:

(o,..,7 : regression parameters based on the completed irrigation projects,

€ : error term of regression model,

UU,..,rj : independent variables (defined in terms of % relative

to the ideai condition within a prespecifled lower and upper bounds)

representing the scores of project j for the constituent criteria

of: 1) water availability, 2) land fertility, 3) topography, 4) landuse,

5) drainage, 6) site location, and 7) land distribution respectively,

j - 1, ..., Mt, M¿- number of potential projects at stage ú.

b) Scoring prediction model for the Agricultural Production and Marketing factors relat-

ed to the Farmer Readiness (FRD) criteria:

The scoring of FRD criteria of project j is determined by the moder:

E(FRDj) : To i TtVt¡ I TzVzj * TsVs¡ * TqVa,¡ * .... * rtsVa¡ * e (6.2)

where:

?0,..,8 : regression parameters based on the completed irrigation projects,

€, = error term of regression model,

Vtj,..,"j : independent variables defined in terms of % relative

to the ideal condition within a prespecified lower and upper bounds

representing the scores of project j for the constituent criteria

of: 1) utilization of existing scheme, 2) productivity of existing schemes,

3) the use of new inputs, 5) agricultural support service,

6) irrigation efficiency on existing scheme, 7) operation and maintenance,

and B) land ownership sertification respectiveiy.
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It should be noted that the two regression models described above represent a complete model

consisting of a relativeiy large number of independent variables that might be anticipated

as potential candidates for predicting the values of Physical Potential and Environmental

(PPE) and Farmer Readiness (FRD) criteria respectively. The forward or backward stepwise

regression procedure (Neter et a1., 1983) may be used to select which independent variables

are significant for predicting PPE and FRD for a particular situation.

Scoring Frocedure

The application of the scoring prediction model are summarized as follows:

Step 1: Identification of relevant variabies contributing to the selection criteria scoring

prediction model.

Step 2: Data collection for relevant criteria obtained from the completed projects.

Step 3: Regionalization of the completed projects with respect to their social profiles,

e.g., developed and underdeveloped regions. If the number of completed projects in each

category is sufrcient to perform statistical anaiysis then the scoring prediction regression

model (Step a) is applied. If this is not the case, the point allocation and unit weighting

model is appropriate.

Step 4: Development of the scoring prediction regression model with respect to regional

characteristics to predict the future performance of the projects.

Step 5: Once all projects characteristics relevant to each selection criterion have been

scored, i.e., quantified in numerical terms by the scoring prediction regression model such

they can be assigned as coefrcients and right hand sides for the constraint, the selection

criteria constraints can be formulated.

Step 6: Scoring criteria based optimization is then performed using the modifred Parti-

tioning Algorithm (described in Subsection 6.3.3) in which potential projects are able to be

scheduled according to criteria preferences of the DM in a hierarchial manner in light of the

funding constraint.

A diagram showing the application of the above procedure or the point allocation and

unit weighting procedures as appropriate is presented in Figure 6.1.
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1, IOENTIFICATION OF RELÊ1/ANT V,AFTABLES FOFI
THE SOCIO-TECHNICAL SELECTION CArEFìIA
SCOBING PFIEDICTION MODEL

PBOJECT SCHEÐULE Y/ITI{
FESPECT TO THE CFÍTEFIIA
PFIEFEFìENCES

Figure 6.1: Diagram for Development of Socio-Technical Selection Criteria
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6"2 hÆultåohjectrve Amalysis

Traditional Benefit-Cost (n/C) analysis can be used as a screening tool in project selection

decision processes. However, its use is effectiveiy limited to the analysis of objectives in which

all benefits and costs are easily quantifled in monetary terms. The wide range of objectives

to be incorporated in the proposed portfolio model necessitate a multiobjective approach in

which trade-ofs between the various objectives can be observed explicitly.

The major question inherent in multiobjective problems is what goals or objectives should

be achieved at the expense of others. In the proposed planning model weighting schemes

(Charnes and Cooper, 7977) are used as means of articulating the priority of preferences of

the DM.

In the case of water resources planning in Indonesia the establjshment of priorities to

achieve the three GOI objectives of Support for Self-sufficiency in Rice Production, Economic

Efficiency, and Support for Transmigration Program must reflect the relative importance of

each objective and, to some extent, the plans of the GOI for particular types of projects

in particular areas. The following combinations of goal and criteria preferences which are

articulated in terms of overall priority settings were selected to show the multiobjective-

multicriteria nature of the problems and the role of selection criteria in reducing the degree

of socio-technical uncertainties in the fndonesian context.

Case A: Priority on Economic Efficiency

In this case, economic efrciency criterion and physical potential and environmental as-

pects are given the flrst and second priorities respectively. This type of priority setting is

intended to screen irrigation projects which are candidates for inclusion in the rice inten-

siflcation plogram. Most of the activities chosen under this priority setting are devoted to

rehabilitation of existing irrigation schemes the majority of which are located in developed

regions on or off Java where a relatively small investment will gain considerable economic

return' In this case, Net Present Value of Beneût (NPVB) is used as a parameter to measure

goal achievement.

case B: Priority on support of self-sufficiency in Rice production

In this case, technical criteria for project suitabiüty such as water availability and other
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physical potential are given higher weights than any of the social and economic aspects.

However, economic efficiency is also still given a higher weight (priority) than the social

aspect of selection. Economic effciency tends not to be a major consideration in this case

as long as the physical potential and environmental aspects fulfill the requirements. In this

case, Irrigation Area Developed (IAD) is used as the parameter to measure goal achievement.

The IAD target itself is governed by the rate of population growth and the rate of the loss

of irrigated rice field (converted to non-rice usage) in Java which has to be replaced.

case c: Priority on socio-Politicai Based rransmigration programs.

In this case the socio-political aspect criteria are given a higher weight than economic

efficiency. Howevet, the physical potential and environmental criteria are still given the high-

est weight in order to ensure the candidate watersheds are technically and environmentaily

eligible for inclusion in the irrigation projects. This type of priority setting is intended to

screen irrigation projects that are considered suitable to support transmigration and regional

development in underdeveloped regions off Java. This condition is to some extent screened

a priori in that most areas in developed regions of the country are already fully utilized. Ir-
rigation projects associated with transmigration programs are characterised by the fact that
most will be located in remote and underdeveloped areas in which extra costs are needecl

for access roads, community facilities and land development for transmigrants. These extra

costs normally make the investment unattractive for a solely economic viewpoint. Not un-

expectedly, compared to those projects devoted to the single goai of maximizing net benefrt,

irrigation projects associated with transmigration programs have not performed well on the

basis of classical Benefit-Cost economic indicators.

It is very useful to be able to express transmigration support in quantitative terms. In
this case the number of families supported at a particular transmigration area is used as a

parameter to measure the goal achievement for the Transmigration Support (TS) objective.

Case D: Priority on Selection Criteria of Physical Potential, Extent of Existing Rice pield

and Agricultural Production and Marketing Simuit aneously.

In this case the DM's objective is to select only the projects that are both technically

and socially suitable with respect to the criteria of Physical Potential and Environmental

(PPB), Extent of Existing Rice Fields (ERF) , and Agriculturai Production and Marketing
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factors related to Farmer Readiness (FRD) simultaneously. This priority setting is intended

to support a DM's policy of achieving the maximum attainable overall ideal condition for

irrigation development and therefore reducing the degree of socio-economic uncertainty.

Case E: Priority only on Physical Potential and Environmental (PPE) Selection Criteria.

This priority setting is intended to articulate a situation in which the physical potential

and environmental aspects of the watershed under consideration become the major concern

regardless of achievement of the other goals and criteria. This scenario supports a policy of

maximizing the quantity of irrigable areas. In this case Physical Potential and Environmental

criteria, stated in terms of percentage relative to the ideal condition, are used as the parameter

for measuring the level of satisfaction of this selection criterion.

Case F: Priority only on Extent of Eústing Rice Field (ERF) Selection Criteria.

In this case the DM's objective is to select only those projects which minimize land devel-

opment costs, and is especially relevant for situations when the funds for land development

are the major constraint and the rate of utilization of completed schemes is the major is-

sue. This concern also reflects the need to minimize the degree of uncertainty inherent in a
complex land development problems.

Case G: Priority only on Agricultural Production and Marketing Factors related to Farmer

Readiness (FRD) Criteria.

In this case the DM's objective is to select only "quick yielding" projects in which the level

of social response in terms of the readiness of farmers to exploit new irrigation facilities, and

the level of factors supporting agricultural production and marketing subsystems, are high.

Such concern is directed to minimizing the degree of uncertainty inherent in the complex

social factors related to success of water resources projects. This preference is relevant for

situations when the rate of the utilization of completed irrigation schemes and rice crop

intensification are the major poJicies.

case H: same priority on NPVB and Irrigation Area Developed Goa,ls.

In this case the DM's objective is to satisfy both achievement of Net Present Value of
Benefit (NPVB) and Irrigation Area Developed (IAD) goals simultaneously. This preference

is relevant for situations where a compromise solution is sought between these goals, i.e., the

solution is to satisfy, ot to be as close as possible to, the prespecifled targets of both NpVB
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and IAD goals simultaneously. NPVB and Irrigation Area Developed, stated in monetary

terms and hectares of completed irrigation schemes respectively, are used as parameters to

measure goal achievements.

case I: same priority on NPVB and rransmigration support Goals.

This case is similar to Case H except the goals that have to be satisfred simultaneously are

NPVB and Transmigration Support. NPVB and Transmigration Support, stated in monetary

terms and number of transmigration families directly supported by the proposed irrigation

project respectively, are used as parameters to measure goal achievements.

6"3 Goaå Fnognaraamaårag Approach

The Goal Programming (GP) procedure was selected for this problem for the reasons given in

Chapter 4 Subsection 4.2.3. The discussion in the foilowing three sections is related to the IGp

modei itself, aspects of the integer formuiation, the scoring criterion based optimization used

within GP framework and the generation of efrcient solutions from the integrated systems.

6.3.x- Genenation of Ðfficient Solutions frorn tk¡e GF Model

The concept of Pareto optimality, initially introduced by Pareto (1896) within a framework of
welfare economics, plays a crucial role for the various approaches developed within the MCDM

(Refer to Chapter 2 for subsection related to multiobjective planning and investment). A
solution to a multicriteria problem is said to be Pareto optimal if there is no other solution

which is at least as good according to all criteria and strictly better according to at least one

criterion. A Pareto optimal solution is not dominated by any other solution, and is therefore,

also called a nondominated or noninferior solution and would be chosen by any ,rational'

decion maker. Within GP, Paretian efficiency (Pareto optimal) is also necessary condition

for a GP soiution to satisfy in order for it to represent an appropriate solution for given

problem (Romero, 1991).

As pointed out previously by ZeIeny i(1973), (i981)] and Cohon and Marks (i925) a

possible disadvantage of a GP formulation problem is that the solutions provided by these

kind of models can be nonefficient, i.e., the solutions provided via GP are not necessarily
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Figure 6.2: Non-efficient GP Solutions

Pareto optimal. Figure 6.2 illustrates this possible d-isadvantage wherein the space of the

goals, the feasible set is represented by the domain OABCD. Let the iarget values of

the two goals be ó1 and ó2, respectively. If the intention of the DM is to achieve at least

these two target values then point Z represents an optimal GP solution as the negative

deviational variables associated \¡/ith both goals are zero at this point. However, this solution

is noneff.cient in the Paretian sense because it is dominated by other feasible solutions, i.e.,

by u.ll the points in the triangle ZBC (with the exception of point Z) (Romero, 1991).

In addition to this potential drawback,, probiems can be encountered in GP in setting an

appropriate weighting scheme.

From a practical viewpoint both potentia"l drawbacks can be mitigated by a proper set-

ting of the targets level å1 ar.d b2, i.e., by initially setting these targets as high as possible

then conducting a parametric anaiysis of the aspiration levels assumed in the model and by

applying a set of weights that minimizes the d-istance between each solution and the ideal

solution (Zeleny, 1982) whose co-ordinates are given by the optimum values of the various

objectives of the DM.In such a procedure, each solution is ca.librated with respect to the ideal

solution and an interactive process with the DM is impiemented to check his/her satisfaction

relative to the ideal solution. Figure 6.3 shows an example of graphical representation of

muJtiobjective analysis of two incommensurate objectives employing such an approach. This
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Figure 6.3: Example Graphical Representation of Multiobjective Analysis for a Project

with Transmigration Implications

approach has been implemented without too much additional effort and difficulties relative to

the other MCDM methods and reported by Sutardi et al. (1990, 1991a, 7992a, and 1gg2b).

Moteovel, as Romero (1991) argues, GP was not invented for the purpose of obtaining

nondominated solutions but was developed as a method for frnding satisficing solutions in a

Simonian sense, i.e., the DM does not try to maximize anything but rather tries to achieve

a set of goals as closely as possible with respect to a set of targets for complex real world

problems. Furthermore, methods recently reported in the ljterature for use of GP avoid

this problem without too much difficulty thus further increasing the soundness of the GP

approach.

The foilowing discussion outljnes a general framework for solving GP models in order

to avoid the problem of inferior solutions discussed earlier. This framework combines the

method suggested by Hannan (1980) (1985), Masud and Hwang (1981) and Romero (i991):

Step 1. Test of Efrciency in GoaI Programming (Hannan; 1g80, 1985)

Solve the initial Weighted Goal Program (WGP) or Lexiographic Goal Program (LGP)

problem.

(a) If there are no aiiernative optimal solutions for the WGP model or for the last problem
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of the sequence of LGP problems in the lexicographic case, then the process ends.

The GP solution is the only efficient solution and can thus be chosen. To test the

existence of alternative optimal solutions it is sufficient to check if there is a nonbasic

variable in the optimal solution which has a value of zero and for which the value of

the corresponding reduced cost is also zero.

(b) If there are alternative optimal solutions, then go to Step 2.

Step 2. Generation of GP-Efficient Solutions (Hannan; 1g80, 1g85)

(a) If the DM is interested only in one optimal solution by necessity it must also be a

GP-efficient solution. Go to Step 3

(b) If the DM is interested in exploring the set of optimal and GP -efficient solutions, then

go to Step 4

step 3. Generation of one optimal and GP-efficient (Masud and Hwang, 19g1)

Maximize the sum of the 'opposite' deviational variables (under and over-achievement)

without increasing the values obtained for the previously minimized deviational variables.

The solution obtained to this new problem is eff.cient and can thus be chosen. It should be

noted that the solution obtained in Step 1 is efrcient only if it is the same as the solution

generated in this step.

Step l. Generation of a Set of GP-Bfrcient Solutions (Hannan, 1980; Romero, 1gg1)

Modify the GP model into a multiobjective problem (MOP) modei using Hannan's pro-

cedure appropriately modified by Romero (1991). Hannan (1980) proves that if all the goals

are bounded, a set of GP-efficient solutions can be obtained by solving an auxiliary MOp

problem with the following structure. In this case, the objective functions of the MOP model

are the goals of the GP model. When the DM wishes to achieve at least the target value

of a particular objective then the corresponding objective is maximized; on the contrary if
the DM wishes not to surpass the target then corresponding objective is minimized or the

objective goes to zero subject to the constraints on the fundamental level of performance.

The feasible set of the MOP model to achieve the desired fundamental level of peformance is

formed by the original constraints of the GP model augmented with a set of constraints to
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ensure that the level of achievement of the goal is at least as good as the level obtained by

the previously solved WGP or LGP problem.

Applying the above procedure results in the following Mop probrem:

EtrZ(r) : lz{r), Zz(r),. . ., Zr(*)l (6.3 )

where

Z*(¡) = ln@)

subject to

(6.4)

(6.5 )

(6.6)

f¡(") = b* _ (dl)- + (d,[).

neF

where Effis the search for the efficient solution, Zn(") is a decisional variable space) /¡(z) is

a mathematical function of the set of decision variables r, (d;)" and (df ). are the optimum

values of deviational variables when the initial WGP or LGP was solved, and F is a feasible

set. A diagram showing the mechanism and main steps of this procedure is presented in

Figure 6.4. From the nature of GP formulation as described above, it can be observed that

GP method offers a great degree of flexibility suitable for solving the real world decision

making with these characteristics:

1. There is always a feasible solution.

In practical sense this feature means that a good planner never has to give up ancl

accept "no feasible solution".

2. There are no truly alternate optima.

This feature means that a typical DM will never be indiferent between two proposed

courses of action. There are always sufficient criteria to distinguish some course of

action as being better than all others.

6"3.2 ïnteger Goal Frograrnrníng

The extension of GP to make use of integer programming (IP) has been suggested by Wein-

gartner (1967), Neely et al. (1976) and Clark et al. (1984)for the capital budgeting problem.
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The main reasons for this emphasis on the use of IP in the capital budgeting setting are as

follows:

1. Difficulties imposed by the acceptance of partial projects in LP are eliminated, since Ip
requires that projects either be completely accepted or rejected. Therefore the model

can satisfy the requirement of "go-no go" status that is a crucial issue in a portfolio

model.

2. The three types of project dependencies/interrelationships, e.g., mutually exclusive,

prerequisite, and complementary, can be handled in a straightforward manner. The

definition and means of handling each of these three conditions are discussed below.

Mutually erclusiue projects are defined as a set of projects wherein the acceptance of one

project in the set prevents the simultaneous acceptance of any other project in the set. The

existence of such a set projects is incorporated in an IP model by the following constraint:

\-x.t < tu (6.7)
jet

where J: set of mutually exclusive projects under consideration

Note that the constraint states that at most one project from set J can be accepted; this

means that the DM can choose not to accept any project from set -I. On the other hand, if
it is necessary to select one project from the set, Expression (6.7) would appeaï as a strict

equality, i.e.,

!x¡=rje¡
Prerequ'isíte (or contingent) projects are two or more projects wherein the acceptance of

one project necessitates the prior acceptance of some other project(s). For example, if project

A cannot be accepted unless project Z is accepted, project Z is said to be a prerequisite project

for acceptance ofproject A; alternatively, acceptance ofproject A can be said to be contingent

upon the acceptance of project Z. The representation of this contingency relationship in Ip
is:

Xa1X2
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where X¿and X7 are decision variables denoting projects A and Z. Note in Expression (6.9)

that if project A is accepted (i.e., Xt:I), then, necessarily, project Z must be accepted also.

However, project z ca'- be accepted on its own and project A rejected.

If two projects must both be accepted then either they are classed as a single project or

for the case of the two projects A and Z above

X¿, = Xz (6.10)

Complementary projecús, wherein the acceptance of one project enhances the cash flows

of one or more other projects. This synergistic effect is reflected in an IP formulation by

using the strategy proposed by Clark et al. (1g84).

ø Step L: Define a decision variable which represents the acceptance of the complemen-

tary project (The complementary project of two projects is that which improves the

performance of the frrst or primary project).

ø Step 2: fncorporate the decision variable for the complementary project into the

objective function and all relevant constraints. The coefrcients for this decision variable

in the objective function and the constraints wiil be defined by the speciflc features

of the problem being examined, e.g., the magnitude of the cost savings and/or other

benefits associated with the acceptance of the combined projects.

ø Step 3: Define a constraint similar to Expression (6.7) for mutually exclusive projects

that prevents the acceptance of the complementary project without the primary project

being selected.

Consider an example formulation for consideration of a complementary project. Let the

two complementary projects be Xo and X¿. Any one of these project can be selected in

isolation. However, if both are accepted simultaneously, the cost will be reduced by, for

example, 75% and the benefits will be increasedby,20%. Thus a composite project, Xo6

would be constructed with a cost equal to 85% of the cost of projects Xo plus X6 and a

benefit equal to 720% of the benefit of projects Xo plus X¿. To prevent acceptance of both
projects X' and X6 as well as project Xo6the following constraints is required.

x"+xt+xoø{ 7
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lnspite of the advantages described above, two significant shortcomings of the IP method

must be addressed. The solution time of IP formulations vary irregularly. As pointed out by

Pettway (i973) the form of an IP formulation has a significant impact on the time it takes

to solve the problem. Smaller problems (in terms of number of constraints and number of

decision variables) may, in fact, take longer to solve than larger problems. Furthermore, very

minor changes in the problem can significantly increase solution times.

The second shortcoming of IP formulation as noted by Baumol and Gomory (1g60)is the

diftculty in interpreting the shadow prices in IP. In comparison with the solution generated

by LP models, solutions provided by IP formulations sufer from the lack of meaningful

shadow prices. Many of the integer based constraints on IP problems that are not binding

on the optimal integer solution witl be assigned shadow prices of zero, which indicates that

these resources are "free goods." In reality, this is not true since the objective function would

clearly decrease if the availability of such resources were decreased in the integer steps impücit

in the possible values of the constraint right-hand-side.

However, recent developments in computer hardware and new efrcient software packages

for handling IP formulation has considerably decreased the computational time required for

solving IP formuiation. For example, no more than 20 minutes is required for soiving real-

world problems of project scheduling problems consisting of 100 constraints and 200 integer

decision variables using LINDO 386 microcomputer version (Schrage, 1gg1) which employs

the Branch and Bound technique (sutardi et a1., rgg2aand 19g2b).

Furthermore, the benefits gained in using an IP formulation with respect to its ability to
inciude the various types of constraints for project interrelationships and to avoid selection

of fragmented projects are far much more usefui than information that cannot be extracted

from shadow prices of IP formulation for the portfolio model (Sutardi et al.; 1g90, 1gg1a,

7992a, and 1992b). Therefore, it is worth moving to IP formulation regardless the diference

in solution time.

6.3.3 Sconing Criteríon EBased Optirnízatíon

As mentioned earlier some constraints associated in the proposed IGP (Integer Goal pro-

gramming) based-portfolio model consist of a set of selection criteria constraints in which
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components of the constraints are in the form of scores measured on an interval scale be-

tween 0 and 100 (in percentage) relative to the ideal condition. In its earlier form of a
scoring-criterion-based optimization, the model tends to discriminate against the projects

which have a higher cost even though they have a higher criterion score (Sutardi et al.,

7992a). This tendency occurs because the model tries to minimize underachievement of the

sum of scores from targeted goals of individual projects subject to budgetary binding con-

straint rather than selecting the individual projects that have higher scores in a hierarchial

manner.

The purpose of selection criteria is to determine ranking of the projects eligible for imple-

mentation when selection criteria are simultaneously or individually preferred regardless of

the cost of individual projects under consideration. Optimization procedures using these cri-

teria must therefore comply with such requirements. For the type of problem being addressed

in this thesis the projects whose scores are higher have to be selected subject to budgetary

constraints, before the projects with a lower score are even considered. For handling such

problems in the IGP-based portfolio model, a modified version of the Partitioning Algorithm

proposed by Arthur and Ravindran (1980) is proposed.

The reason for the choice of this Partitioning Algorithm lies both in the strength of the

algorithm itself and in the ease by which the procedure can be implemented in any available

commercial optimisation software package. The strength of the algorithm lies in its ability

to take advantage of the definition of ordinal preemptive factors in the objective function

inherent in most IGP formuiations by using partitioning and elimination procedures. In the

algorithm, the linear IGP problem is considered as a series of dependent, ordinally ranked Lp
problems. The ordinal ranking is accomplished through the use of preemptive priority levels

which imply that higher order goals must be optimized before lower order goals are even

considered. This procedure is imbeded in the lGP-based portfolio model using the strategy

outlined below:

ø Step l-: Decompose the selection criteria constraints into several subconstraints

reflecting a range of levels of the desired ranges of score on each criterion. For

example, subconstraint level 1 consists of those projects whose criteria scores are

greater than 80% ('9t > 80%). Similarly subconstraint level 2 consist of projects
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for which 65% < Sc < 80% and subconstraint level 3 consists of projects for which

40% S Sc < 65% and so on. This decomposition enables the projects categorized in

the level 1 be optimized before the projects grouped in level 2 are even considered.

ø Step 2: The constraints are partitioned to form a nested series of GP problems with

respect to thepriority rankings assigned to thesubproblems sr f sz) ...s. )...,
where 5" designates the subproblem consisting of those selection criteria constraints,

and the corresponding terms in the objective function, assigned the first c priorities.

ø Step 3: The partitioning algorithm begins by solving the smallest subproblem 51 which

is composed of those selection criteria and the corresponding terms in the objective

function assigned the highest priority. At the optimal solution for this subproblem

the slack variable of the budgetary constraint is examined. If the slack variable has

a value of zero, then there is no need to consider the second highest score projects,

since the available budget is already used up by the highest score projects. However,

if the slack variable has a non-zero value, and ideally is also substantial, then the

algorithm proceeds to Step 4. Efficiency of the optimal solution for this subproblem

can be checked using the Hannan's procedure outlined in the previous subsection. If
no alternate optima exist then the solution is optimal and efficient as well. Conversely,

if alternate optima exist the efficient solution can be found by maximizing the sum of

the opposite deviational variabies, as explained in subsection previously and algorithm

can then proceed to next score level.

ø Step 4: The residual budget (Value of the slack variable of budgetary constraint carried

over from Step 3) is applied to the next largest subproblem in the series (those assigned

to the second highest score) and the optimization resumes. The algorithm continues

in this manner until the value of the slack variable related to available budget is zero

or close to zero and can be therefore neglected.

A diagram showing the process of the proposed scoring-criterion-based optimization is given

in Figure 6.5. It should be noted that there is a difference between the procedure outünecl

above and the one suggested by Arthur and Ravindran (1980). In the above procedure

the indicator of whether algorithm should resume or stop is the value of slack variable of
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I. DECOMPOSE PBEFEBRED SELECÍION CFIIIEFIA

INTO SEVERAL SUB.CONSTRAINTS ACCOFDING IO

THE DESINED RANGES OF SCOFIE ON EÁ,CH CFIITEFIION

2. PAFIÍIT¡ON SELECTION CRITEBIA CONSTRAINTS

AND FOFIM A NESTED SEFIIES OF IGP SUBPFIOBLEMS

3. SOLVE THE SUB-PBOBLEM WITH IHE HIGHEST PRIORITY

AFE TI-IEBE ALIEFMTÍVE

OPTIMAL SOLUIION ?

MAXIMUE IHE SUM OF
THE OPPOSITE

DEI,IIAÍIONAL VAFIIABLES

CURBENT ¡GP SUB-PFOBLEMS
SOLUÌION IS EFFICIENT AND

4. ABE THEFE SLACK VABIABLES

ON BUOGETAFTY CONSTRAINTS ?

IS STOPPED SINCE THEFIE
NO BUDGET LEFT

Figure 6.5: Diagram of Procedure of Partitioning Aigorithm for Scoring -Criterion-

Based-Optimization
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budgetary binding constraint. On the other hand in the original Partitioning Algorithm

of Arthur and Ravindran (1980) the existence of alternate optimal solution is used as the

indicator.

6"4 claance constnained lmteger Goaå Fnogna.ru-a-

m'aing (CCSGP)

In its most general formulation, the CCIGP approach is used to minimize the deviations of

the expected value from the targeted goals subject to managerial constraints and economic

constraints that are allowed to be violated some given percentage of the time due to random

variations in the system. In this study, inclusion of probabilistic constraints in the proposed

model enables the dispersion of random variables to be explored such that the risk aversion

of the DM can be incorporated explicitly in the decision making pïocess.

The chance constraints are incorporated in the IGP-based portfolio model based on the

following rationale.

Consider the usual constraints of LP:

M¿

\an¡X¡ { bq

J=]'

where ar¡ is a contribution of project X¡ for the qth resource and ån is a resource capacity of

the qth resource. Due to randomness in either the ar¡ coefrcient or the óo right- hand-side

values this constraint may be probabilistic rather than deterministic in nature. Under such

probabiüstic circumstances constraints may not have, or even be able to be satisfied, i.e.,

700% alL the time. This capability to accept non-compüance with the constraint for some

specified proportion of the time can be achieved by using chance constraints rather than the

usual deterministic form. These chance constraints are written:

(6.1 1)

(6.12)

( tt, ìPiÐacjxj.bol>þn
[j=r )

where P{ } : probability of the event in { }
P, : degree of the confidence limit, reflecting minimum probability that
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the DM is willing to accept that the g¿à constraint is satisfied.

l3q = 0.90, for example, means that the DM requires that the constraint be satisfred at

least 90% of the time and that he/she is wilting to allow Lon¡X¡ to exceed ån up to I0% of
the time.

The solution methodology for CCIGP problems requires that a determi,nistic equ,iualent

of the probabilistic process be derived for all those features to be reflected in the chance

constraints. This process is undertaken by taking into account the shape and parameters

of the probabiüty distribution for all random variables, as well as the degree of correlation

between all pairs of random variables. This derivation usuaily results in nonlinear equations,

which greatly affects the feasibility of large problems. Difrculties in problem solution escalate

rapidly, particularly for integer based formulations, as the size of the problem grows or as

the distributions of random variable describing the system depart from normality. To keep

the model operational and computationally tractable some simplifications in the derivation

may therefore be required. However, considering the characteristics of the other problems

associated with the IGP-based portfolio model such simplifications may not significantly

reduce the model accuracy (Hillier, 1969).

The following subsections address analysis of aggregated uncertainties reflecting the un-

certainty inherent in the NPVB criterion that underly the need for a probabilistic economic

criterion such as a chance constraint, the derivation of the appropriate deterministic equiva-

lent of the chance constraint, and the subsequent formulation of the CCIGp model.

6.4"1- Analysis of Aggregated tlncertainties lnhenent in N-
PVts Cnitenioru

As mentioned in Chapter 3 all types of uncertainties, whether they are physical or non-

physical, that may affect the outcomeof investment in waterresources projects can be aggre-

gated in uncertainty inherent in NPVB criterion as long as their impacts can be quantified

and represented in monetary terms.

In the proposed CCIGP model the uncertainty inherent in Beneflt-Cost type of analysis

is treated by assuming component of costs and benefits as random variables. The mean
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and variance of these random variables can be obtained from an estimate of ,,most likely,'

(expected), "upper" (optimistic) , "lower" (pessimistic) values of individual components using

the approaches of Goicoechea (1982) and Dandy (1985). However, the approaches applied in
this study difer from these and other approaches used in previous studies, e.g., Mercer and

Morgan (tsz5 and 1978), Taylor et al. (1976), and Tung (1992) in rhe following manner:

1) Instead of using the Benefit-Cost ratio, a Net Present Value of Benefit will be applied

for evaluating the economic return of water resources projects. As noted earlier the reason

for this choice are as follows:

ø The value of the Benefit-Cost ratio will change in the Beneflt-Cost ratio approach

depending on how the annual beneflt and cost streams are defined.

ø When used (soleiy) for selection criteria of mutualiy exclusive projects the Benefit-Cost

ratio approach can lead to an erroneous investment choice as it discriminates against

projects with higher gross returns and operating costs even though these may be shown

to have a greater wealth generating capacity (net beneflt) than an alternative with a
higher B/C ratio (McKean, 1g5B; Gittinger, 1gB4).

2) Instead of using a project managet's or expert's estimate to determine boundary values,

e.g., the upper, lower bounds and the most JÌkely, this approach employs historical data of
completed schemes and the contingency index offered by Lutz and Cowies (1921) to estimate

boundary values' The combination of historical data, subjective inputs from the expert or
project manager and the contingency index provides a better estimate of future conditions

than subjective estimates extracted from the project manager, or the expert in isolation for
the following reasons:

ø The project manager may make biased estimates. Managers are sometimes hesitant to

admit that they are not certain about things which they feel they should be extremely

certain, i.e., the basic elements of their jobs. As a result, their estimates may be less

than candid and yield tess accurate expected values and standard deviations (Hanke

and Walker,IgT4; Taylor et al., 1g7g).

ø Historical data extracted from the completed schemes can be used as base rates. Using
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these base rates subjective estimates reflecting the project manager's or the planner's

assessment on the likelihood of future projects outcome can be made (TayÌor, 1gB4).

ø The use of the contingency index for correcting any bias inherent in the estimation

of future projects outcomes enables elements of subjective inputs to be traced and

updated to accomodate any current information and trends.

Discussion on analysis of aggregated uncertainty related to the NPVB criterion is per-

formed in two parts. The first part consists of examination of estimates of uncertain param-

eters using historical data and the contingency index. The second part is concerned with the

statistical analysis of Net-Benefit criterion.

Estimates of {Jncertain Farameters {Jsing É{istorical Data

The variation of the possibie values of each component of benefit and cost may be estimated

in three levels: an expected value (@y), an optimistic value (Of;) and a pessimistic value

(O!). fne expected value is the value that is likely to occur, on the average, if the activity,

e'g., cropping intensity, cropping pattern, productivity, price, etc, could be repeated a number

of times under similar circumstances. An optimistic value is the maximum net benefit that
can be realized if "everything goes right". Finally, the pessimistic value is the minimum

benefit that can be realized if "everything goes wrong". Effectively, then, the optimistic and

pessimistic values identify the range of possible values for a given input component.

It shorild be noted that, instead of using information based solely on the subjective

estimates of an experienced manager or experts for estimating uncertain parameteïs, e.g.)

the most likely, upper and lower values of benefrt and cost components, the case study

used to demonstrate the overall approach in this study makes use of available historical

data, covering about 50 medium-large scale irrigation projects in Indonesia which have been

completed during the last 20 years. This approach is undertaken by jointly applying the

modifred approaches based on the work of Lutz and Cowles (1971) and Dandy (lggb).
The Lutz and Cowles (i971) model can be described in terms of the following indices:

1. Contingency Index.

A preliminary index of deviation of the Beneflt-Cost Ratio (BCR) is used to define how
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well the benefit, costs and the BCR have been estimated in the past relative to actual out-

comes of the projects. Mathematically, a preliminary index of deviation E, can be statecl

d¡.

E=lRBxRçl-I (6.1A)

E-B: ratio of actual to estimated benefit.

Rc: ratio of estimated cost to actual cost.

E : preliminary index of deviation.

The properties of Expression (6.13) are:

e unitless symmetrical relationship: Positive values of E indicate a greater gain to the

economy than expected and negative values correspondingly indicate less gain

ø insensitivity to differences in relative magnitude of the benefit-cost components

ø it approaches zero when estimates of the components are close to those ultimately

experienced

Expression (6.i3) can be converted to a logarithmic form to make the index the sum of two

variables.

UBC = ue I uc (6.14)

where :

uBC= 1n(E) : contingency index of BCR

uB :1n(-R'6) : contingency index of benefit component

yc :ln(,Bs) : contingency index of cost component

The properties of Expression (6.13) are also hord for Expression (6.14).

2. Observed Contingency fndex, Iso :

If a suffciently large sample of completed investment projects are analysed with respect to
deviations ofactual costs and benefits from the expected quantities, the observed contingency

index, IBç, wiü' be the expected value of contingency indexes of all projects considered and

can be defined as:

IBc = E(rn) * E(us) (6.15)
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IBC: IB T Ic (6.16 )

where:

fBC= observed contingency index

Ip = expected value of contingency index of beneflt component

Ig = expected value of contingency index of cost component.

3. Accuracy Index (JBc),

An accuracy index, ,,Ipcr, based on the variances of the deviations of the component

estimates of benefits and costs, Jp and J6, can be respectively defined as:

JBC: JB * Jc *2p (6.1 7)

where :

Jnc:variance of BCR

Jn =E(r'Ð - lE(rn)l' : variance of vB

Jc :E(ub) - InQc)12 = vatiance of us.

p :correlation coefficient of uB and uç

These indices are used in the following manner.

4. Adjustment by the Index :

An observed contingency index other than zero indicates a consistent bias in the previous

estimation. This information provides a basis for correcting future estimates with respect

to this bias. Zo, art adjusted value of beneflt-cost ratio of a contemplated project, can be

obtained by utilizing the observed contingency index IBç and. the initial value of BCR", Ze

as follows:

lnZo-lnZo*IBç (6. 1 B)

Furthermore, by adoption of the normal distribution convention, a range of confidence can

be approximated for the adjusted benefit-cost ratio, Zo, to reflect the observed variation. In

terms of a confidence interval , 6, the range of Zo is expressed as:

ln(Z" t 6) : tn(Z") + I(,\/j BC

(Jn)Qc)
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where lfo is the number of standard deviations in either side of the mean.

anormal distribution of Zo, at the gb% confldence interval (á) of Zo canbe

In(Z" * 6) : tn(Z") + 1.65JjBC

r. In(112") - Iac* 
,/ Jnc

5. Probability of the Observed Contingency Index, I¡6:

Since the lowest acceptable value of BCR is unity, this value becomes a threshold of

acceptability that, in the absence of over-riding social and political aspects, has to be met

or exceeded by the estimate of actual BCR. As noted by Lrtz ancl Cowles (1971) in this

situation Zo=1 andlnZo =Q. Hence, Expression (6.18)indicates that the contingency inrlex

equals the logarithm of the reciprocal of the benefrt-cost ratio estimate, i.e.,

IBC = ln(llzr) (6.21)

Therefore Expression (6.18) becomes :

ln(Z") = ln(Zp) * ln(1 I Zo) (6.22)

By making an assumption of normaLity for the distribution of Ips, the probabiltty of IBç
exceeding a value of ln(|lZ), or more precisely, a Benefit-Cost ratio of one can be defrned.

The standardized variable, I(o,in this instance can be defined as :

For example, for

stated as follows:

(6.20)

(6.23 )

Based on historical data from compieted projects, and using this statistical approach

and the probability density function of the contingency index, the distribution of random

variables (benefit and cost variables) contributing to the outcome of a project can be defined

to determine the most likely, upper and lower values of uncertain parameters for the projects

under consideration. The procedure is appJied as follows:

ø Step 1: Regionalize the historical data from completed projects with respect to their
regional characteristics similar to the regionalization applied to the selection criteria,

e.g., developed regions in and of Java and underdeveloped regions off Java.

ø Step 2: Perform statistical analysis using the Lutz and Cowles (1921) approach as

outlined above (Expressions (6.13)-(6.20)) for each region to determine the contingency

index and other parameters required for prediction in the next step.
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ø Step 3: Using the contingency index and the other parameters obtained in Step 2,

benefit and cost parameters of the project under consideration determined by tradition-
al Benefit-Cost analysis are corrected by taking into account regional characteristics.

Such corrections are required in order to eliminate over-ancl uncler- estimations of com-

ponent of beneflts and costs due to various types of uncertainties inherent in future
predictions.

An example application of the Lttz and Cowìes (1971) method for determination of contin-
gency indices for the completed irrigation projects in three regional profiles, i.e., developed

regions in and off Java and underdeveloped region off Java are shown in Tables A.g, A.g,
and 4.10 respectively (see the bottom of these tables). These features are required in the

determination of the 'correct' values of the upper and lower values of component of benefit

and cost that were calculated by the traditional method. The correct values of the bounds

are required by the FOSM method (Goicoechea et al., 1982; Dandy, 1gB5)in the probabilistic

analysis of the NPVB criterion.

statistical Analysis of Net Present Value of Benefit Criterion

Consider a water resources project which has a number of components of benefit (Ø",e =
7,...,y)andcost(o",e=g*1,...,a*z).Typicalbenefitcomponentsincludethosedue

to irrigation' swamp reclamation, flood control, water supply and hydro power. Typical cost

components are the construction cost, operating cost and maintenance cost. In ali cases the
beneflts and costs are expressed in present value terms using an appropriate discount rate. It
should be noted that, in deriving these components of benefits and costs, any implications of
uncertainties, whether they are physical or non-physical, have to be taken into consideration.

Ideally these impacts can be quantified in monetary terms in which case the implications can

be directly incorporated into the Benefit-Cost analysis. In this case when the implications of
uncertainties cannot be quantified in monetary terms a combination of Point Allocation and
Multiple Variable Regression approaches simiiar to those discussed earlier may be appliecl in
order to consider these factors appropriately.

If the separate components @" (e - 1, . . . , U I z) can be estimated with certainty, the net
benefit for a given project, NB, can be computed and used for comparison with other possible
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projects.

e=l e=V+l

where B is the total project benefit, and c is total project cost.

However, there are usually uncertainties involved in estimating future values of @"(e -
7r -. .,y I z), and hence there will be uncertainty in the estimated value of NB. An economic

comparison of projects should take this uncertainty into account, as a risk-averse decision

maker may well prefer project A, which has less uncertainty in its NB to project B, which

has a higher expected NB but much greater uncertainty.

The mean and variance of any particular component O" can be obtained from an estimate

of the "expected value" (Oy), an "optimistic value" (Of;) and a pessimistic value ,,(O:)"

which are determined based on historical data and subjective inputs using the contingency

index suggested by Lúz and Cowles (1971) as described in Expressions (6.18)-(6.20) pr"-
viously. The optimistic and pessimistic values can be assumed to represent some form of
confidence intervals for the true value. A means for obtaining the mean and variance of each

individual @", derived from these boundaries, is given by Dandy (1gs5):

@": @Y (6.25)

(6.26)

where :

:mean value of the benefit or cost component @",

=variance of the benefrt or cost component @¿,

=constant defining the confidence limits (For example, if the benefits and costs are

normally distributed and Of; and O! deflne ag5% confidencelìmit, K equals 1.65).

The mean value of the total project benefrts is then equal to the sum of the means of the
individual benefits components. The variance of the totai benefits S! can be found from the
following equation (Benjamin and Cornell, 1gZ0) as follows:

g y+z
NB=fO"- I @"=B-C

g!!

s'" : Ðs'" +2Ð \ p"us"s,
e=L e=7 u=e*I

r:: l*r"y - @!)l

(6.24)

o"

s3

K

r64

(6.27)



Where p", is the correlation coefficient between benefit components O" and @r. An approxi-

mate expression for the mean and variance of NB, derived using a flrst order second-moment

analysis (Benjamin and Cornell, 1g70), is

NB = B-C
Sk" = s'n+s'c-2peçSBSç

(6.28)

(6.2e)

(6.30)

where B and Õ ate the mean values of the total benefits and total costs respectively and

^9frp is variance of the net benefits.

The correlation coefficient between B and C, pBc, can be found using the following

equation (Dandy, 1gB5):

^ (Do":rÐi=, P"¡S"S¡)
rDv- 

-

bnbc
As mentioned earl-ier, unlike the approach of Goicochea (iOS2) and Dandy (1gg5), in this

study the estimate of "most likely", "upper" and "lower" values of components of benefits

and costs are not based solely on the subjective estimate of an expert, but rather on original

benefit and cost data of individual projects under consideration, having corrected those cla-

ta with respect to the tendency of overestimating benefrts and underestimating costs using

Contingency Index approach proposed by Lttz and Cowles (1971). (In this study historical
data of completed irrigation schemes which have been regionalized with respect to un¿erde-

veloped and developed regions in Indonesia are used to determine the characteristics of the

contingency index.)

Once estimates for the means and variances of the net benefrt, NB, are obtained approxi-

mation of the fuli probability density function (pdf) is required to assess the likelihood of NB

iying within certain range. An appropriate distribution, e.g., normal, lognormal or gamma,

can then be used to determine values of net benefit which will be exceeded with appropriate
probabilities. Tung (1992) investigated various probability distributions commonly used in
describing the random nature of net benefit criteria and concluded that, relative to the oth-
er distributions investigated, e.g., lognormal, gamma and Weibull, the normal distribution
provides a favourable probability moder for the net benefrt criterion.

The decision variable is then specified, on the basis of the Net Benefits following a Normal
distribution, such that the specified portion of the probability distribution is covered. rssues
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addressed in this step are reiated to such questions as; plans with a smaller variance may be

preferred over other plans with larger variance at confidence limit of g5To, while the plans

with a larger variance maybe preferred over the plans with a smaller variance at a confidence

limit of only 5%.

Frobabilistic Analysis of NPVB
The overall procedures for the probabilistic analysis of the NPVB criterion can be sum-

marized as follows:

Step 1: Calculate the components of costs and beneflts relevant to NPVB criterion for

each individual project under consideration. Perform an economic analysis to determine the

NPVB score for each project using the acceptable standard.

Step 2: Collect economic historical data relevant to NPVB criterion from the completed

projects related to the regions of the projects under consideration.

Step 3: Regionalize data from the completed projects with respect to their social profrie

e.g., developed and underdeveloped regions.

Step 4: Perform statistical analysis for the characteristics of each region using the mod-

ified Lutz and Cowles (1971) approach described in Expressions (6.13)-(6.20) to determine

the contingency index parameters associated with each region in which the potential projects

are located and any other parameters required for performing the correction analysis in the

Step 5.

Step 5: Determine statistical parameters e.g., the estimate of "most likely,', ,,upper,,

and t'lower" values of components, of benefits and costs for each of the individual projects

based on the original values obtained in Step t having been cor¡ected using the contingency

index defined in Step 4 taking into account relevant region characteritics.

Step 6: Compute statistical parameters, e.g., the estimate of mean, variance and stan-

dard deviation of the NPVB criterion that are required by the deterministic equivalent of
the chance constraint for the NPVB criterion using the FOSM (First Order Second Moment)

analysis described in Expressions (6.25)-(6.30). By assuming normality for the NpVB distri-
bution, the values of NPVB criterion for the critical level of confldence limits (B) e.g., g5%

(the upper level), 55% (rounding up of the mean between the absolute upper ijmit [100%]
and the lower limit L\%l), and 5% (the lower limit) of the time the value of NPVB criterion
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are exceeded respectively, can be obtained.

The diagram showing the above procedures is presented in Figure 6.6.

Ðerivation of Ðeterministic Equivalent

The net benefits defrned in the above procedure are used as one of the screening or decision

criteria in the model formulation. In the proposed CCIGP model, the goal constraint of net

benefrt is modified to allow smail violations with a specified probability. Assuming normal

distribution for the distribution of net benefits this modified equation can be written

Mt
Prob(\NBjXj> NBG)> p j:t,...,Mt

j=1

Where:

NB¡ : net present value of benefit of project j defined as a random variable,

E(N B j) : expected net present value of benefit of project j,
Xj : {0-1} decision variables

(
I I if project j selected

-1
I O otherwise

(6.31)

NBG

p

Mt

t

^1

: net present value of benefrt goal,

= degree of the confldence limit,

= number of potential projects treing considered in the scheduling horizon ú,

: index corresponding to one of the scheduling horizon (stages)

taking integer values in the range of 1,..., S,

= number of scheduling horizons (stages) of the sDp model within

a given long term planning horizon.

Since almost all water resources projects to be implemented in a given time period are located

away from each other, i.e., they are located at different provinces and different catchment

areas) the correlations between project performances are insignificant (In the Indonesian case

study used to demonstrate use of the procedure this is normally the case). Thus it can be

reasonably assumed that there is no correlation between the projects considered. Hovrever,

some recognition of the relationships between projects such as mutually exclusive, prerequisite
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1. CALCULATE COMPONENT OF COSTS AND
EENEFITS TO OETERMINE INITIAL NPVB FOR
EACH PBqJECT UNDER CONSIDERATION

¿ COLLECT ECONOMIC HISTOBÍCAL DATA

FBOM COMPLETED PROJECTS

BEGIONALIZE DATA FROM COMPLETED PFOJECTS
ACCORDÍNG TO THE FEGION'S SOCIAL PßOFILE

DETERMINE THE CONT¡NGENCY INDÐ( PARAMETEBS

FOR EACH SOCIAL FEGION PROFILE
uslNG THE LUTZ AND COTVLES (1e71) APPBOACH

5. DETERMINE THE ESTIMATE OF'MOST LIKELY" 'UPPEB'
AND'LOWER'VALUES OF COMPONENTS OF COSTS
AND BENEFITS USING RESULTS OF STEP 1 HAVING
BEEN CORRECTED USING CONTINGENCY INDE{
DEFINED IN STEP 4

6. COMPUTE MEAN, VARIANCE, AND STANDARO
DEVIATION OF NPVB FOR EACH PBqJECT
USING FOSM ANALYSIS

PROBABILISTIC INFOBMATION OF NFVB
CRITERION FOF EACH PBGJECT
UNDER CONSIDERATION

Figure 6.6: A Diagram of Procedure for Probabilistic Analysis of NPVB
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and complementary projects can be articulated using the IP formulation as described earlier

rather than using coefrcient of correlation, covariance, etc.

The deterministic equivalent of Expression (6.31) can be derived as follows: By subtract-

i"S ÐYJ, E(N B jX j) from both sides of the probability expression on the left-hand-side of

Expression (6.31), and then dividing borh sides bv 1/var {>y:rNBjxj},i.e., the posirive

square root or the standard deviation of the sum of variances of Net Benefit for M¿ inde-

pendent/uncorrelated X¡ projects (for j = 7,..Mt), the probabilistic constraint in Equation

(6.31) may be restated as:

T

p,ou IDY:, 
u n ¡ x ¡ - DY:, n@ n ¡ x ¡),

L /*, {ry:, N Bixi}

N BG - ÐY:, )

]=

E(NBjXj

If each N B¡ is assumed to have a normal distribution, DT:, ¡v p 
¡ x ¡ -Ðf:, n (w n ¡ x ¡) must also

be normal with mean of zero and standard deviation one. A value lfB (number of standard

deviations to the left or to the right of zero) can then be determined from the area under a

normal curve such that

(6.32)

(6.33)

(6.34)

(6.35)

ProbIZ >- I(B]: [* l"re(!¡ar: BJrcut/2r ¡\ 2

where Z is standard normal variable and. z is random variable

Thus, for given levels of B,

,,oulDY:, w a,x, - Df;:, n@ n,x,) , x^f = o

L /*'{rf, N Bixi} ".]

Bxpression (6.32) holds for the goal constraint if and only if:

N BG - I,Y:, E(N B jx j)
S I{B

Rearranging Expression (6.35) results

*'{,ä N'ixi}
Mt
\-Z-/
j=\

v* {>f:_, N Bixi}

v* {DÉ, N Brx j}

E(N B jX j) + r{p
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Non-linearities can be seen to appear in Expression (6.36). Since 1/81 ,...,N8M, together

with X1 , ...,XM, are assumed to be mutually independent and the X¡ a,re restricted to values

of zero or one, the method suggested by Hillier (1969) is applied to linearize the Expression

(6.36). In the approach of Hillier (1969) the non-linear deterministic equivalent represented

by Bxpression (6.36) is converted to a linear form by replacing the non-linear term of the

expression by its linear upper bound as defined below

Var
Mt

: oi-Ðt"-
j=l

-x) (6.37)

where:

{þ-'"'"'}

"": DYj_rVar(IrB¡)

o?: Yar(N B¡)

: standard deviation of the sum of Net Benefit

for M¡ projects; N Bt, ..., N B¡ør,

= variance of the sum of variances of Net Beneflts

for M¿ projects; N Bt, ..., N B¡ør,

: variance of Net Benefit of individual project j for j = I,...,Mt,
obtained by Equation (6.29).

Thus linear deterministic equivalent of the probabilistic constraint as specified in Expression

(6.31) can be written as

Mt ( Itt, ì

løçua¡x¡)+ xB\" -It" - Jo, - ol(t- x¡)l > uac (6.38)
i=7 |. j=t )

Reformulating Expression (38) as an equality by using deviational variables yields the fol-

lowing goal constraint for the CCIGP:

Mt(u,ì
lnlwa¡x¡)+xB 1" - Ð1" - Jo, - ol)(t- x)l+nwa- -DNB+ : NBG (6.3e)
j=t I j=t )

6"5 @venalå Formaulatior¡ of CCïGP h,fodel

The CCIGP model is used to select, schedule, and also to budget the projects that are

candidates for implementation in the specifred planning horizon. In formulating decision
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problems for the portfolio approach for investment in water resources projects using the goal

programming format, four major components are required:

1) The usral economic resource constrainús of LP, which are also called hard constrøintsin

that they cannot be violated since they represent resource limitations or restrictions imposed

on the decision environment. However, these types of constraints are subject to uncertainty

or fluctuation in their level of availability and imprecision in target setting. A proposed

integrated approach to handle these problems will be addressed in the next chapter.

2) Goal or criteria constraints, which are also called soft constrainús because they repïe-

sent managerial policies and desired level of various objectives or criteria which being sought

from the decision maker. As shown for the NPVB goal, some of these objectives may be

represented in probabilistic form.

3) Managerial constraints, which are also called system constraintsbecause they articulate

the systems by which management want to achieve the overall objective, for example, by

scheduling constraints, project interrelationship, etc.

a) The objecti,ue funct'ion, which minimizes the weighted deviations from the desired levels

of the various objectives according to a specified priority ranking.

The consideration of each of these issues in the proposed CCIGP are described in the

foliowing sections.

6.5.1- Eudgetary Constnaints

The budgetary constraints require the total funds expended in any given time period (schedul-

ing period or stage of the SDP) to be less than or equal to the total funds 87¿ available for

the tth scheduling horizon. The range of actual values of BT! for k = I,...,Npr,r,* and.

t = 7,...,5 to be used in the CCIGP analysis are supplied by the SDP (As described in

Chapter 5, this range is defined as the range of levels of possible funding decisions.) The

value of BTf V k, t is therefore the communication from the SDP to the CCIGP. In this

case, BT! takes various vaLues to reflect budgetary fluctuations or estimation discrepancies

between range of levels of possible funding decision, D! , and range of levels of actual funding

recieved F! for I : 7,...,NFr,,,^. The detailed description of the approach to hanclle such

discrepancies is given in the next Subsection.
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Defining Optimal Annual Eudget Allocation

In the integrated formulation CCIGP-SDP proposed in this study, the total budget avail-

able BTf in each of the scheduling periods (stages of SDP) becomes an uncertain parameter.

Howevet, its optimal allocation in each year over the specified scheduljng horizon y'y'T needs

to be determined by an optimization technique to obtain 'optimal' annual budget uses. The

budget level to be planned for, i.e., anticipated in each year of the //?-year scheduling hori-

zorL car- be set or treated as a variable to be optimized. The impücations of various modes

of annual budget allocations relative to the goal achievement has been examined according

to the budget options listed below:

1. Existing modes of allocation: 1.3%Bf!;za%Bf!; 21%Bff ; 20%Bff ; 22%BT! per

yea over a period of five years (determined in this case from examination of the his-

torical allocation of money to irrigation project in Indonesia which is the case study

used in Chapter 7 to demonstrate the model)

2. Bqual allocation : 20%BTf ;20%BTf ;20%BT!;20%BTf ;20%BTn

3. Variable to be optimized by model : B!, Bl, .., B!,..,8fl7 where B! : Budget allocat-

ed in the tth year of NT year of the scheduling horizon of the stage f , for n : 7, ..., NT

andf=1,...,S.

Examination of all three budget options showed the expected results that the third mode

produced the best goal achievement over a range of total budget B? (Sutardi et al., 1990).

It will therefore be used as the basis to run the models.

In this proposed CCIGP model two types of budgetary constraints are formulated. The

first budgetary constraint is the annual budget constraint, which states that funds committed

to projects to be implemented in the ntt' year cannot exceed the funds allocated in that year

(Bi). The annual budget allocations Bf become decision variables that have to be optimized

in the second budgetary constraint.

The second budgetary constraint defrnes a restriction on the total budget available (BTn)

during a given scheduling horizon. This constraint specifies that the sum of annual budget

allocations, as represented by the sum of the values of the decision variables B! over the du-
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ration of the scheduling horizon, cannot exceed the total funds available in the tth scheduling

horizon @TÐ.

6.5 "2 T'he Consequences of lnaperfect tsudgetany lnforrr¡.a-

tion

As described in Section 5.4 and previous Subsections, due to the uncertainty in the actual

amount of money to be made available in any scheduling horizon ú, there is a need to address

the implication of the difference between the level of possible funding decision planned Df in
a given scheduling horizon f and the level of funding actually being received f in the same

schedulìng horizon f . The consequences of this imperfect estimation of the anticipated funds

available for investment can be further explained as follows. Consider the case in which the

level of funding being planned for scheduling horizon ú is at level one (k : 1), Drl, and implies

a monetary value of F1. However, the level of funding actually being received in scheduling

horizonf maybeleveltwo(/=2),F?,implyingamonetaryvalueof f'2inwhich F2 1F1.

In such a case, at the end of the scheduling period (f), only a portion of the project will be

completed. Moteover, the ratio of the actual leve1 of development completed at the end of the

period to the level of development anticipated, and simiiarly the ratio of net beneflt accrued

from it at the end of the period to the net benefit anticipated, are Iikely to be less than the

ntio F2f F1. The deviation from the rutio F2f F1 occurs due to the inability to complete

works already planned/started because of the need for extra costs for adjustments such as a

design adjustment and adjustments of preparation works. Both factors relate to the typical

non-linear proportion between cost and physical achievements.

Implications of the imperfect budget estimation can be incorporated in the formulation

of the CCIGP model by introducing a penalty in terms of a cost escalation coefficient in

proportion (percentage) to the contruction cost components in order to accomodate any

extra costs required for any adjustments necessary in response to actual budget allocations

diferent from those anticipated in the planning process. The larger the difference between

the planned funding level and the funding actually received (the farther / is from Æ), the

larger is the cost escalation coefficient (cost escalation coeff.cients greater than one). When
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Table 6.3: Example of the Cost Escalation Coefficients

Level of Actual

Fmding

Received

Fl

Level

of Planned

Fund-ing

pr
,b=1

k=2

k:4
Aj=5

Costl)

Escalation

Coefficient

t"Ð
LO4

L.O7

1.10

1.L3

Remarks

/=1
I=1
/=1
l=1
t:1

*) Without cost escalation

whenÀ=/
for,L = 1,...,NDr,;,-,

forl=1.....-ô/'. .and! ttttmt

Nn,. =5andNn. =1¿ l.t.n

1) Based on the experience during the last 20 years of water resou.rces development in Indonesia.

I : lc, the cost escalation coefficient is equal to one. In general, if the number of levels of

possible funding decision planned is NDr,;,^ri.e., lr:7¡...tNDr,,,* and the number of levels

of actualfundingbeingreceivedis NFr,,,*,i.e.,/=1,...,NFr,,,*therewillbeNpr,,,**NFr,,,*

cost escalation coefrcients. An example of defining cost escalation coefficients for NDr,,,^:5

arLd Np,,,,^=1 is given in Table 6.3.

To demonstrate and examine the implications of imperfect budgetary information in

project selection decision making processes, (Nor,,,^ + N LAF^) CCIGP models, reflecting

NDr,,,**NFr,,,^ possible cost escalation coeftcients are run for each scheduìing horizon (stage)

of the SDP in the demonstration application of the model described later in the thesis.

6.5.3 The GoaX and Cniteria Constraints

As has been described earlier, there are three major objectives considered in this CCIGP

model:

1) Optimizing economic efrciency as measured in monetary units in terms of Net Present

Value of Beneflt (NPVB) criterion. As noted previously this economic criterion is subject

to various types of uncertainties. Therefore, the contribution of the individual projects in

achieving NPVB goal should be quantified in probabilistic terms.

2) Optimizing achievement of non-economic objectives measured in non-monetary units,

for example number of hectares of irrigation area developed, number of families to be moved

to new agricultural areas, etc. These non-economic objectives are considered to accomodate
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the need to achieve specified aspirational levels of Regional Development, Other Social Effects

(OSB), and Environmental Quality (EQ) objectives being sought through implementation of

water resources projects.

3) Optimizing achievement of selection criteria in which projects' eligibilities for imple-

mentation in terms of a certain criterion are compared to each other and with respect to a

minimum eligible scoring grade" As described earlier, these selection criteria are required to

accomodate the need to provide the DM with information concerning the certainty of those

socio-technical and political factors which contribute to success of water ïesources projects

but which cannot be quantified in monetary terms. It should be noted that the coefficients

on left hand side of these constraints represent the score or level of satisfaction of individual

project with respect to each criterion. In this thesis, these scores are obtained using: i) a

point allocation and weighting approach which suitable for situation when there are insuf-

ficent data to perform regression analysis , and ii) a combination of point aliocation and

multiple variable regession analysis when sufficient data are availabie (Expressions (6.1) and

(6.2))

Note that the term 'optimizing' used above refers to the DM's desire to achieve a set of

goals and selection criteria as close as possible to a set of specifred aspiration levels.

6.5"4 The Managerial Constraints

In the proposed portfolio model the construction period contraints for scheduling the projects

and the socio-political contraints are categorized as manageïial constraints.

The Construction Period: These constraints are needed to ensure that a project

is selected for a sufficient number of years to ensure completion of the construction and

that it is started at the optimum position of the construction period within the y'{? years

of the development scheduling horizon. The construction period constraints introduced in

this model are able to select the optimum period, designated henceforth as /y'P* of the

construction period in which to implement each project selected for development within the

scheduling horizon. The scheduling formulation in this model assumes that small to medium

projects are constructed over periods of 2-5 years and must be scheduled in one scheduling

horizon (117) or stage of the SDP model. Various values of NT ranging from b years to 10
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years will be examined in the demonstration example.

Socio-Political Constraints: Socio-political constraints are defined as those which

influence or require project acceptance regardless of the economic desirability of a project.

Such projects may be required to boost regional economic development for less developed

regions in which government intervention is required for any projects or development to go

ahead. The validity of such concerns is relevant in the context of centrally planned and funded

policies such as those used in developing countries, such as Indonesia. The approach permits

these "required" projects to be optimally scheduled and budgeted within the appropriate

time period. The other projects which are candidates for selection can then be allocated

around these required projects.

6"5.5 tbjectíve Function

To formally represent the objective function in a GP method, the following three parameters

must be specified:

1) The priority leuelsplaced on the goals and criteria. These priorities indicate the ordinal

ranking scheme by which the goals and constraints will be optimized.

2) The relatiae wei,ghts attached to the goal deviations in the objective function. These

weights have two purposes (Hartley, 1976):

ø the weights may be used to rank goals according to the importance of one relative to

another in order to ref.ect the DM's preferences for one goal over another. The goals

with higher weights are therefore satisfied more completely in preference to the goal

with the iower weighted goals,

ø the weights may also be used as weight adjustors to make the goai deviations additive,

i.e., to remove the incommensurability of goal deviations measured in different units.

It should be noted that, if some goals are given the same priority, i.e., some goals are consid-

ered equally important, the weights might still not be equal because of the implicit differences

in the units of measurement of the goal deviations. In order to counter the implicit weighting

differences , weights (Wj and W, ) may still be required to equalize the relative weights

assigned to each goal (Sutardi et a1., 19g0, and iggla).

176



Table 6.4: Appropriate Objective Function Terms in Goal Programming

Desired Actíon

Achieve a rninirnum level of some goal

Do not exceed a specified level of some goal

Come æ close as possible to a specified goal level

Maximize the value achieved relative to a given goaÌ level

Minimize the value achieved relative to a given goal level

Objecthe Funclion Term

minimize d-
¡nini¡nize d*

minirnize (d+ + d-)
,f\rruruûùze td - dt )

ûururruze\d'-d )

Source: Clark et af. (1984)

3) The releaant deuiationo.l uari,øble(s); These variables should be weighted with respect

to the priority preferences given to the associated goal and criterion and 'optimized' according

to the desired action on type of performance required. The range of formulations which can

be used in the objective function to achieve the desired type of optimization is shown in Table

6.4.
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6"6 hÆathersaatåca.å Forymulatåora of CCïGP lV$odeÏ

The mathematical formulation of a CCIGP under these requirements for the specific example

of irrigation investment planning in Indonesia describe earlier in this thesis is given below.

Note that this formulation ref.ects the range of goals and selection criteria discussed earlier

with respect to the social and economic objective and selection criteria of irrigation develop-

ment in Indonesia and is applicable for one scheduling horizon. The formulation must also be

solved for each possible combination of levels of possible funding decisions Df and levels of

actual funding received F! at each scheduling horizon (stage) t,i.e.,a Bf! value is required

for k = 7, ..., NDr,r,*; I : I, ..., NFr,r,^, and f : 1, ..., S.

Objective Function:

MIN: WIADT DIAD; +WN Bt DN Bt +WTSt DTSt +

wPpÛt DppÐt +wERFt DERF; +WFRD| DFRDT (6.40)

subject to:

Goals

1") Irrigable Area Demand:

Mt

\tao¡xt + DrADt - DrADf : rADGt
j=1

2) Economic Return:

Mt

I n1n a,x¡) + r{ B
j=l

3) Tlansmigration

(M,

{"-Ðt"-
I j=t

Support:

(6.41)

- DN Bl : N BGt (6.42)

(6.43)

- x¡)\* o' u'

Mt

\rstx¡ + Drst - Drsl =TSGI
j=1

Criteria

4) Fhysical Potential and Environmental Aspects:

- o|l(t
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Mt

\n1erøo)x¡ + DppEt - DppEf : ppvGt (6.44)
j=7

5) Extent of Existing Rice Fields:

Mt

I nnr¡x¡ + DERFT - DERF| = ERFGT (6.45)
j=1

6) Agricultural Froduction and Marketing Factors Related to Farmer Readiness:

Mt

lnçran)x¡ + DFRDT - DFRDf = FRDGT (6.46)
j:t

Operational and Managerial Constraints:

7) Construction Period: to ensure a project is scheduled in sequential year without inter-

ruption:

NP¡

I Yj@p¡)-Xj:0 i=7,...,M, (6.47)
(np¡)=t

8) Annual Budget Constraints: to deflne budget expenditure in each year n of the

scheduling horizon ú:

l(Ciò.Y¡@o)< Bi n=7,...,NT; (np¡)=1,...,NP¡; j =I,...,Mt, (6.48)
ietø7

9) Total Budget Constraints: to ensure the budget spent over a scheduling period f

(stage) of the SDP is less than or equal to total budget available for that scheduling horizon:

NT

Daf s Br! k,=r,...,ND,,,,* t=r,...,s, (6.49)
n=7

9) Binary Constraints: to ensure 'go' or 'no go' status of the potential projects under

consideration at each scheduling horizon.

Xj:0,7 j:7,...,Mt

Yj(no¡): 0, 1 i : 7, ..., Mr, (np¡) : L, ..., N P¡

(6.50)

(6.51)

where:
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WIAD;
DIADT

DI ADT

IADGT

wN Bt

DN Bt

DN Bl
N BGt

wT st

Drst
Drsl
TSGt

WPPET

DPPET

DPPEI

PPEGI

W ERF;

DERF;

DERFI

W FRDt

DFRD;

DFRDT

FRDGT

IADj

TS¡

E(PPEj)

= weighting factor for the Irrigation Area Developed goal at stage ú,

= underachievement for the Irrigation Area Developed goal at stage l,
: overachievement for the Irrigation Area Developed goal at stage ú,

= specified target or aspiration level for IAD goal at stage ú,

= weighting factor for the Net Present Value of Benefit goal at stage f ,

= underachievement for the Net Present Value of Benefrt goal at stage f ,

= overachievement for the Net Present Value of Beneflt goal at stage ú,

: specified target or aspiration level for NPVB goal at stage ú

= weighting factor for Transmigration Support goal at stage Í,

= underachievement for Transmigration Support goal at stage f,

= overachievement for Transmigration Support goal at stage ú,

= specified target or aspiration level for TS goal at stage ú,

= weighting factors for Physical Potential and Environmental goal at stage ú,

: underachievement for Physical Potential and Environmental goal at stage ú,

= overachievement for Physical Potential and Environmental goal at stage ú,

: specifred target or aspiration level for PPE goal at stage f,

= weighting factor for Extent of Existing Rice Field goal,

= underachievement for Extent of Existing Rice Field goal at stage Í,

= overachievement for Extent of Existing Rice Field goal at stage ú,

= weighting factor for Farmer Readiness goal at stage f,

= underachievement for Farmer Readiness goal at stage ú,

: overachievement for Farmer Readiness goal at stage l,
: specified target or aspiration level for FRD goal at stage ú,

= level of contribution of the jth project to the IAD goal in terms of

the amount of irrigation area developed (in hectares) in that project,

: level of contribution of the jth project to the TS goal in terms of

of the number of transmigrant families to be settled in that project,

: level of contribution of the jth project to the PPE goal in terms of the

scoring (in % relative to the ideal condition within the prespecified lower and

upper bounds (Table 6.1)) of the Physical Potential and Environmental criteria
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X¡

E RFj

E(FRD j)

Yj(np¡)

("p¡)

NP¡

NT

CP¡

C:r

defrned by the scoring prediction model expressed in Expression (6.1),

: level of contribution of the jth project to the ERF goat in terms of

the existence of rice fields (in hectares) in the vicinity of that project,

= level of contribution of t]rre jth project to the FRD goal in terms

of the scoring (in % relative to the ideal condition within a prespecified

Iower and upper bounds (Table 6.2)) of the Farmer Readiness criteria

deflned by the scoring prediction model expressed in Expression (6.2),

: {0-1} integer decision variable for the j¿å project selected

in the /17 years of the development scheduling period,

I t if the jth project is selected

I o otherwise

: {0-1} integer decision variable for the project j accepted in the (rp¡)'h

construction period position in which the C P¡ years of contruction period

of project j is started within a given development schedulinghorizon NT,

_ | , if the jth project is selected for construction
-l

|. 0 otherwise

: index corresponding to one of the possible positions in which the construction

period of project j is started, taking integer values in the range

of (np¡) : 7,..., N Pj,

: number of possible positions in which the construction period of project j
is started within a specifred scheduling horizon.

//P¡ is defined by the following relationship N P¡ = NT - C P¡ * 7.

= number of years of the duration of development scheduling horizon,

: number of years of construction period required by the project j,

= cost of project 7 in the tth year of development scheduling period.

Two influential parameters govern calculation of this cost, i.e., interest rate ($)

and cost escalation coeffi"cient. In this model, $ is defined as a function of //?.
Cost escalation coefficient is applied to penalize potential discrepancies

for each possible combination of Df and d. Mathematicalty this

relationship is defined as: Cjt: C¡¿(SI/?,Df ,Fl)

181



Mr

Bi
Br!
NB¡

N BGl

õ

E(N B j)
p

KB

oJ

: set of projects eligible for selection at the nth yean

of the ly'? years of development scheduling period of the stage l,

= annual budget at the nth year of the ú¿ä scheduling horizon,

= total budget ailocated in the ú¿å scheduling horizon,

= net present value of benefit of the project i,
: specified target or aspiration level for the NPVB goal at stage f,

Dp, Vut(lf B) : standard deviation of the sum of

Net Benefits for the M¿ projectsi N 8t,...,N BM,,

: Var(llBr) : variance of Net Benefit of individual project j
for j - 7,...,Mt, (obtained by Expression (6.29)),

= expected Net Present Value of Beneflt of project i,
: level of confidence limit of Net Present Value of Benefit,

: number of standard deviations to the left or to right

of zero at confidence level B.

6"V Fwzøy Chance Constrained lrateger Goal Pno-

grarnn:n i*g (F''C Cf GP )

It has been shown by Bector et al. (1992) and Sutardi et a1. (1992b) that imprecise goals or

targets setting in water resources planning can be handled effectively by taking advantage of

fiizzy set theory (Zadeh,1965; Zimmerman, 1988). Frzzy Set theory recognizes that a DM

might not be able to specify targets and/or goals precisely. For example, in many situations

when specifying a budget level the DM may only be able to provide an uppeï bound on the

budget @?Ð, and establish a tolerance in the form of a fraction of BT! (for exampl e 70% of

Bff below the budget J-imit B"f) around that budget. Such conditions of fizzy (imprecise)

budget allocation may not be properly articulated into a traditional GP formulation and

therefore formulation of GP in a fizzy linear environment is more appropriate, especially to

handle this type of non-random uncertainty.
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This section addresses how fuzzy set theory can be used to incorporate imprecision in: i)

target or goal settings, ii) upper and lowerlimit (dispersion) setting of uncertain parameters,

and iii) qualitative determination of confrdence limit levels in a decision-making process.

The budgetary binding constraint, goal constraints, selection criteria constraints and chance

constraints of the Chance Constrained Integer Goal Programming (CCIGP) portfolio project

selection model proposed in the previous sections have been identified as potential components

which may be better articulated if they are expressed in a fizzy rnanner (Zimmermann) 1988).

To achieve these improvements, specific procedures have been proposed in this study. Such

procedures require knowledge of basic concept of fiizzy set theory.

6"7 "L Twzzy Set The@ry Ðerivatior¡

The following are some basic concepts of fuzzy set theory (extracted from Zimmermann,

1988) that are relevant for formulating the above CCIGP for a fitzzy environment. [A more

detailed analysis of the theory behind the incorporation of fiizzy set theory in the formulation

can be found in Zadeh (1965) and Zimmermann (1gBB).]

Fuzzy Set Theory. The theory of fiizzy sets is basically a theory of graded concepts.

A central concept of fiizzy set theory is that it is permissible for an element to belong partly

to a set. Let X be a space of points or objects, with a generic element of X denoted by x.

ThusX: {r} orreX.
Fuzzy Set. A fuzzy set A in X is characterized by a membership function (MF) pA(r)

which associates with each point in X a real number in the interval [0,1] with the value of

[LA(r) at x representing the "grade of membership" of x in A. Thus the nearer the value of

u.A(r) is to 1, the higher the grade of 'belongingness' of x to A.

In conventional (crisp) set theory,, p,A(r) takes only two values 1 or 0 depending on

whether the element belongs or does not belong respectively to the set A.

Therefore, formally speaking, if
X : {x} is collection of objects denoted generically by x, then a fuzzy set A in X is a set

of ordered pairs, A = {(x,pa(r))lr € x}, where p,A(r) maps x to the membership space

[0,1].

The analysis used to incorporatefuzzy theory into the CCIGP is based on the foilowing
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propositions of frz,zy sets (Zadeh, 1965 and Zimmermann, 1988).

Union of fuzzy sets. The union of two fuzzy sets A and B with respective MF's p¡(r)
and ¡14(r) is afuzzy set C whose MF is pc(r) : MarlUoç*¡,Ue(r)1, r € X.

Intersectionof fuzzy sets. Theintersectionof twofuzzysetsAandBwithrespective

M.F.,'s p,A(r) ar,d p,B(r) is afivzy set C whose MF is pc(r) : Minlpt(r), Fn(r)], x € X.

The specific characteristics of the project selection problem that suggest it might be

appropriately formulated in a fuzzy environment are:

1) Imprecise budget limit levels. In this case the DM only provides an upper bound on

the estimated budget available, BT! , over the entire scheduling horizon f . The actual budget

realisation is likely to lie beiow this upper bond. A tolerance which defines the acceptable

(with varying degrees of membership or support) dispersion of budget estimation which ües

within the 'range' of the budget definition may be given in the form of fraction of BT! for

example, 70% or 20% below BT! .

2) Imprecise aspiration levels. Aspiration level of goals or target may also be im-

precisely specified. In this situation, instead of setting a fixed target, the DM may specify

intervals reflecting his or her satisfaction level relative to the goal achievements. Lower

bounds and spreads of the tolerance interval in this case have to be specified quantitatively.

3) Imprecision of choice of level of the confidence limit. The choice of level of

the confidence limit for the NPVB criterion in the existing approach (CCP) may be rather

abritrary as it is based largely on a subjective choice by the DM and therefore subject to some

degree of imprecision. The problems associated with the subjective nature of such choices

can be mitigated by the use of membership grades allowing qualitative judgments to be incor-

porated in the decision making process through a basic scaling method for priority proposed

by Saaty (1977). (The scaling procedure to determine membership grade is discussed in the

next subsection.)

Based on the above conditions it can be shown that the proposed model is a symmetric

fuzzy LP.

Notation

Following Zimmermann (1988), Iet

BTBa= BT* : upper bound estimate of budget available as specified by the DM,
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Pet = tolerance interval which defines the range of budget below the upper bound,

ppr : membership function (MF) for the budgetary constraint,

lrqL : MF for lower side of the fuzzy region of fuzzy

constraint corresponding to the qth goal or criterion,

psu : MF for upper side of the fizzy region of fuzzy

constraint corresponding to the qth goal or criterion,

Pq : tolerance interval for the qth goal or criterion,

q - index corresponding to one of the goals and criteria under consideration,

taking integer values in the range of q - 7,...,Q,

A : numbet of goal and criteria constraints considered in the CCIGP formulation

consisting of the three goals, i.e., IAD; NPVB; TS, and the three criteria,

i.e., PPE; BRF; FRD,

Gq : specified target or aspiration level for the qth goal or criterion,

A¡n : level of contribution of the jth project to the qth goal or criterion.

All other symbols and variables have the same meaning as in crisp formulation of CCIGP.

When converted to a fuzzy environment, the CCIGP formulation becomes the following

problem:

Determine X;'s, j:7,...,Mü that satisfy:

T.Euzzy constraints.

(i) Budgetary constraints

>{f-' af É nrnt
with ¡L'p; as the corresponding MF for the budgetary constraint. Note that only deviations

below the budget availabie need to be considered here. where,

"! " 1" è¡" hus the linguistic interpretation "smaller than or equal to with certain degree

lying between 0 and 1" "(greater than or equal to with certain degree lying between 0 and

1 ) " denotin g the fu,zzifr,ed equivalent of " ( " ( " ) " ).
(ii) General fuzzy goal and criterion constraints

Ðf!, Ainxi á c, V q with þqL as the corresponding MF, and

ÐY]-, A¡nX¡ à C" V q with tf,qu as the correponding MF
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2.Crisp constraints

(i) Annual Budget Constraints:

Ð¡eu? CjrYi{,ni) S BT n : 7,..., NT;

(ii) Construction Period Constraints:

ti-!r1l:rYi(np¡)- xi =o i =7,...,M,

(np¡) = 1,...,NP¡; i =7,...,Mt

The MF's for the fizzy btdgetary constraint and the general fuzzy constraints are defined

follows (Zimmermann, 1988):

For budgetary binding constraints the MF is

I t irDfi Bi < BrBt - Pnr

'"'=lo ir¡fl Bi> BrBl

if BTe¡. - Pet < Ðfå BT < BTer
_(BTBL_PBL)

and

ltnt = 7

For the

fr"={

Pn¡,

selection

f!_, A¡ox¡

fJ, Ainxi

goal

1

0

and

ifD
ifD

criterion constraints the MF's are:

=Gq
1 Gn- Pn

and
\-M¿

trqL =, + LÈ84 if Gn > ÐY:-,, Ajnxj 2 Gn - pn

I r irDy:lA¡nx¡: Gq
þqu:\

I o ¡rÐYJrA¡rx¡ > Gq+ pq

and
YMt- A¡ox¡-Gn

þru = 1_ 1'i=t"!:rn'-t "q if Gn < D!!, AjnX j, < Gq + pq

Let ¡tp(X) be the MF of the decision in the fuzzy set of the model. Since, for q -
7r2r...,Q, þqL and p,qu are the lower and upper membership functions respectively of the

fizzy goal constraints, the decision space in the corresponding fuzzy environment is the

intersection of the fuzzy sets corresponding to the fuzzy budget limit and the fuzzy goal

constraints. Hence,

po(X) : Min fppz,l"rt , þ2L¡...,ltet¿ þtu¡ ttzu,..., þeu]

The operational soiution of the model in a crisp "optimal" format can be obtained by

maximizing pD(X) (Zimmermann, 19BB) in the formulation:

Max ¡L,p(r): Min fpet, t"t¡,,1r2L,t..., þeL¡ þtUt l-tzu,..., ueuf
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subject to:

ttqL )- p,D(X)

ttqu 2 p,D(X)

þet ) pD6)

(6.53)

(6.54)

(6.55)

(6.5e)

(6.60)

(6.61)

and

Ð cirv¡øp¡) < Bi
ietvtT

NP¡

D Yj@o¡)-Xj:0 i:I,...,Mt (6.57)
(np¡)=I

from the original CCIGP.

Denoting pD(X) by À and using the expressions for the membership functions þBL¡ lrqL

and p'r¡¡ for q = 7,2,...,Q,respectively, thefollowing equivalent crisp problem canbe defined:

Max À (6.58)

subject to:
Mt

ÐA,ox,-PrÀ2Gq-Ps vq
j=r
Mt

ÐAtnXt + Pq^ < Gq+ Pq V q
j=l

N7

Ðaf * PntÀ { BTnt
n=\

I Ci¡Y¡6p) < Bi n= 7,...,NT; (np¡) : 7,...,NP¡; j : 7,...,Mt (6.62)
ìel'ty

NP¡

D Yj@p¡)-Xj:0 i:7,...,M, (6.63)
(np¡):t

À1a for all (6.64)

À>ö for ð>0 (6.65)

where ø and ó are the prespecified range of values of À which the DM's oï assessors plan

to accomplish. In addition to the formulation stated in Bxpressions (6.58)-(6.65), the total
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budget lExpression (6.49)] and binary/integer constraints as in the crisp CCIGP formulation

are required.

It should be noted that, as shown in Expressions (6.58)-(6.65), the membership grade

of fiuzy parameters, i.e., goal and budgetary constraints have the same membership grade

À to ensure that the implications of binding constraints to the achievements of goals and

project portfolios are properly articulated and explicitly evaluated. Formulation in this way

enables the DMs/assessors to easily observe impJìcations of any changes on the values of lower

bound and tolerance of binding constraints to the model solution (e.g., goals achievements

and project portfolios).

Effect of Constraint Violation

A slightly modified version of the model described by Expressions (6.58)-(6.65) is required

to expücitly evaluate the degree of constraint violation with respect to the tolerance interval.

This modification involves the introduction of an additional decision variable oo which mea-

sures the degree of violation of the qth constraint in the model formulation. The membership

function pql of the qth constraint is then deflned as follows:

tto = r-+ (6.66)"Pn

The crisp equivalent model is then:

Max À (6.67)

subject to:

^Pq+on{Pn 
Vq (6.68)

Mt

ÐAtoX,lan) Gn Vq (6.69)
j=1

with other constraints as specifled by Expressions (6.58)-(6.65), (6.49), and the binary/integer

constraints in the crisp CCIGP formulation.

6.7.2 lVlernbersleip Function Estimation.

In general, there are three approaches for estimation of the membership function (Savic,

leeo):
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1) The first approach uses the basic scaling method for priorities proposed by Saaty

(1977). One important feature of this eigenvalue based method with respect to its ability to

generate priority ranking is that it provides a means of identifying any inconsistencies and

intransitivities associated with subjective assessments elicited from a DM.

2) The second approach relies on judgment of the DM by asking assessors to draw their

membership functions, or give thresholds for grades 0 and 1 on the basis of an assumed

functional relationship between the two grades (Bogardi et al., 1983; Sakawa et a1., 1987).

Howevet, in this method, it is difficult to get consistent membership functions by asking

assessors to state their membership function choices directly and there is no means of checking

any inconsistencies that might occur.

3) The third approach is based on statistical data manipulation. This approach uses a

population of assessors, each of which can respond to certain questions related to membership

of an element in a set with a "yes" or "no" answer. The grade of membership is taken to

be the proportion of the population replying "yes" to the question. This approach enables

a confidence interval to be assigned to the grade of membership for each element of interest

(Freeling, 1980; Bharati and Sarma, 1985). However, this approach is oniy applìcable for

certain types of problems that involve group decision making. In addition to having sim-

ilar difrculties to the second approach, this approach also does not take into account the

development of new relationships and possible changes in trends.

The following subsections discuss the characteristics of the first approach which is used

in the proposed model. This approach was chosen due to its simplicity and the other advan-

tageous capabilities of providing a means for checking any inconsistencies and intransitivities

associated with an individual judgment as well as a group judgment as described in Subsection

5.6.6 of Chapter 5.

The Eigenvalue Method

A basic problem in the theory of ltzzy sets is the actual specification or determination of the

degree of belonging of each member to the set. Saaty (1977) and Chu et al. (1979)have shown

that the problem of determining the degree of belonging of each member to a fizzy set can

be reduced to a matrix eigenvalue problem. To describe the rationale of association between
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choices of level of the confidence limits and appropriate determination of membership grade,

a typical chance constraint is used:

(tl, I

"{t A¡nx¡2 b,l> Bn

li=r )
where P{} is probabiüty of the event in the {} , A¡n the coefficient and åo are right-

hand side values of an equation (constraint) (either one or both of these two terms might be

randomvariables), X¡isa {0-1}decisionvariablerepresentingtheselectionof project j and

B' is the minimum probabilìty that the DM is willing to accept that a given constraint g is

satisfied (þq= IeveI of confidence limit for constraint q). It should be noted that under this

formulation there is (1 - P) probability that this constraint will be violated.

In the fuzzy formrtlation of CCIGP model proposed in this study, it is possible to evaluate

and incorporate expLicitly preferences toward uncertainty as well as its effect in the model

formulation. This is achieved by making use of the deflnition of membership grade (À). In this

case, the grade of 'belonginess' (À) of each levei of discrete confidence limit to the fuzzy set is

determined by the eigenvalue method using the Analytical Hierarchy Process (AHP) (Saaty,

7977). The actual preference for a particular ievel of confidence limit used as input to the

AHP is provided by the DM. Such assessments by the DM are performed by comparing every

pair of discrete confidence limits and giving qualitative preference judgments rather than

numerical values to the components of each pair. These pairwise comparisons of confidence

limit levels use the nine-ievel qualitative scale provided by Saaty (1977) adopted for this

problem as shown in Table 6.5.

The pairwise comparisons a e performed in a matrix form. The matrix form is preferred

since: i) it is a simple and well-established tool that offers a framework for testing consistency,

ii) it handles additional information easily by making all possible comparisons and iii) it is

easy to analyze the sensitivity of overall weights to changes in judgment. In this matrix

technique let W be the vector whose elements Wn ) 0, g = 7,2,...,s, are the unknown

degrees(weights) of belonging of each of s different probabii-ity levels of a set of confidence

limit levels. As described above, the basic tool for making judgment of pairwise comparison

is a matrix of numbers, the elements of which represent relative weights of the constituents.

The vector W is obtained from such a matrix using the eigenvalue approach suggested by
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Table 6.5: The Pairwise Comparison Scale

Intensity of Definition Explanation

lmportance

1 Equal importance Two confidence lirnit levels are equaììy important

3 Weak importance of one over Experience and judgrnent slightly favou¡ one

another confidence lirnit level over another

5 Essential or strong over Experience andjudgrnent favour one

another co¡fidence li¡nit level over another

7 Yery stront or demonstrated A confidence lirnit level is strongly favoured; its
importance dorninance is demonstrated in practice

9 Absolute importance The evidence favouring one confidence lirnit leveÌ over

another is ulquestionabìe

2, 4, 6, I Intermediate values between When compromise is needed

between adjacent scales value

Son¡ce: Saaty (L977) with the terrninology modified to have meaning in terms of confidence lirnits.

Saaty (1977) described in Chapter 5.

The foilowing is an outline of an example of determination of degree of belonging or

membership grade for a set of confidence limit levels using the eigenvalue method. These

three steps are required to accomplish: 1) discretization of confldence limit levels into man-

ageable levels taking into account their dispersion, i.e., mean", upper and lower iimits and

the determination of their associated economic return in terms of NPVB, 2) presentation of

these critical levels of confrdence limit on the NPVB criterion, with their associated economic

returns, to guide elicitation of DM's prefeÌences toward uncertainty inherent in the NPVB

criterion, and 3) qualitative pairwise comparison judgments using the AHP method.

Based on a probabilistic analysis of NPVB criteriorr using the combination of the Con-

tingency Index approach (Lutz and Cowles, 1971) and the FOSM method (Benjamin and

Cornell, 1970 and Dandy, 1985) as described in Expressions (6.24)-(6.30) (Subsection 6.4.I)

previously for a range of confidence limits from a very conservative tevel (95% time ex-

ceeded) to a very optimistic/risky level (S% time exceeded) to an example set of potential

projects in stage 1 (shown in Table 7.1) the following five critical levels of confldence limit

CL1 =95yo,CL2:75V,CLs-\íYo, CL¿ - 30% and CLu:570 with their associated NPVB

achievements shown in Table 6.6 were chosen. These values were selected because thev were
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Table 6.6: Example Assessment of the Degree of Confidence Limits for Demonstration

Problem

Level of Degree of Net Present Notes

Confidence Confidence Va-lue of

Limit Level Beneflt

(% Time ($ MiIIion)

Exceeded)

1 95 792.85 Very conservatìve choice of confidence lirnit
2 75 7272.90 Less conservative choice of confidence [¡nit
3 55 1590.4 Moderate choice of confidence lirnit
4 30 1836.70 Less optirnisüic/risky choice of confdence lirnit
5 5 2378.80 Very optimistic/risky choice of confidence lirnit

Sou¡ce: potential projects in stage I of the SDP model listed in Table 7.1.

sufrciently representative to cover the range of dispersions of confidence limits generally

adopted in a chance constrained model (Kweon, 1977; Choi and Levar¡ 1989). Before elic-

iting qualitative pairwise comparison judgments from an assessor or a group of assessors, it is

necessary to provide the assessor(s) with information consisting of the explicit assessment of

the degrees of uncertainty prevailing for each level of confidence limit (specifled in terms of

percentage of time of exceedance of an event) and the economic characteristics of the proba-

biüstic analysis (described below). An example of the type of information required is shown

in Table 6.6. The values in this table were caiculated using the steps described above for the

potential projects in stage 1 of the demonstration application of the SDP model. The follow-

ing are characteristics of probabilistic economic analysis that should be considered in giving

information to guide those pairwise comparison judgments required by the AHP method.

1. The purpose of probabilistic analysis of the NPVB economic criterion for water re-

sources project investment modei is to measure "upside" potential and "downside"

danger, i.e., to assess the potential that the returns may exceed the estimate and the

danger that returns may be less than anticipated respectively. In other words, an

attempt to obtain a measure of how wrong the forecast could be is needed.

2. Attitudes toward uncertainty can range from a very optimistic view of the success of

projects to an extremely conservative approach. In the first case there is potential
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for overestimating or inflating returns. Conversely, the second case represents the

danger of missing opportunities. The choice depends on the DM's attitude toward

uncertainty. A risk-averse DM may prefer projects with low risk (variance) , whereas a

risk taker may prefer projects with greater variance and commensurately higher returns.

A compromise choice may be extracted from participants in the political process who

have been informed of explicit assessment of the degrees of uncertainty and economic

consequences prevailing for each level of confldence limits.

Following the appropriate specification of these probabilistic considerations it is necessary

to construct a pairwise comparison matrix for discrete confidence limit levels, such as the

five confidence interval levels given previously, based on the qualitative scale described in

Tabie 6.5, the explicit assessment of the degree of uncertainty associated with each level

of confidence limits and their probabilìstic economic outcomes shown in Table 6.6, and the

characteristics of probabilistic economic analysis described above. The following are examples

of qualitative pairwise comparison judgments which might be elicited from an assessor with

respect to the five confidence levels given above.

Confidence limit level 2 (C L2) has a very weak importance over C L1, and C Ls.

Confidence limit level 2 (C L2) has equal importance with C La.

Confidence limit level 3 (C h) has an absolute importance over C L1, C Lz, C Lq and C L5.

Confidence limit level 4 (C L4) has a very weak importance over C L1 and C Ls.

The remainder of the assessments can be derived from reciprocal interpretations of the above

relationship.

On the basis of these qualitative assessments, the foilowing pairwise comparison matrix can
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be obtained for this demonstration example using the Saaty scale shown in Table 6.5:

CLt

CLz

B - CLs

CL+

CLs

CLI. CLZ CLZ CL¿ CLS

7 7/2 lle 112 1

272lsr2
99199
, 1 

'lA 7 2L L 
"l 

¿

1 712 lls 112 1

Applying the procedure to evaluate maximum eigenvalues, and their associated unit eigen-

vectors (see Equation (5.25)), the following features are obtained:

À-o":5'36; W:

Applying the definition of C I ard C R (given in Section 5.7.6, Chapter 5) for the example of

matrix comparison described above, the value of C I = 0.091 and C R: 0.081 (C A = 0.081 <

0.10, acceptable).

Based on the above results, the membership grades for various confidence limits can be

d.efined by normaJ.ising the weights in such a fashion that the maximal va.lue of member-

ship grade is equal to 1. The resulting membership grades are shown in Table 6.7. As

discussed previously, the eigenvalue method requires inputs from the DM, whether the DM

is an individuai or a group of DMs. In eliciting such inputs concerning pairwise compârison

judgments, questionnaires are presented to the assessors. These assessors are asked to make

pairwise comparison judgments between critical values of the discrete confidence limits shown

in Table 6.6 using Saaty's (1977) list of the qualitative statements described in Table 6.5.

The flnal values of a group assessment may be derived from the geometric mean of the indi-

vidual judgments (Saaty and Vargas, 1991). Consistency of these judgments can be checked,

and reassessment considered, if the consistency ratio obtained exceeds the aJlowable margin.

It should be noted that the values of membership grade shown in Tabie 6.7 for an exam-

0.06

0.11

0.66

0.11

0.06
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Table 6.7: Example Membership Grade for Various Confidence Limits for Demonstra-

tion Problem

Confidence Limit (C.L,) Membership Grade

0.95 0.084

o.75 0.168

0.55 1.000

0.30 0.168

0.05 0.084

ple of problem demonstration are obtained using the assessments made by the writer. This

simplification is made due to the time limitations committment required for an approprite

interactive communication with the real DMs. However, it is believed that the experience

of the writer in water resources planning for 14 years in a government agency make these

assessments reasonably close to the assessments of the actual DM.

The efect of the numerical upper bound of the Saaty's (1977) pairwise comparìson scale,

i.e., the 5 point scale, the 7 point scale, and the I point scale, on the membership grade of

the various confidence limits is shownin Figure 6.7.It was observed from the demonstration

problem, which uses values typicai of those in the case study described later in Chapter

7, that the membership grade levels are not significantly affected by variation of the upper

bound values of the numerical scale, e.g., differences in membership grade for three numerical

scales described above remain fairly constant, i.e., the gaps between the 5, 7 and g point scales

increase from confidence limit 5% to confidence limit 30% and decrease in the same manner on

the other side. The difference actually decrease as the value of membership grade approaches

one and as the value of confidence limits of NPVB criterion approach to the medium level

(55% of time the value of NPVB exceeded).

It was also observed that the same preference relationship is maintained between consecu-

tive confidence limits regardless which upper bound value of comparison scale is applied, e.g.,

the lowest membership grades occur at both extreme conditions of a very optimistic/risky

and a very conservative choice of confidence limit (5% and 95% of time the value of NPVB

exceeded respectively) and increasingly higher membership grades occuï as confidence limits

of NPVB criterion approaches medium level. Furthermore, Figure 6.7 shows that the medium
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Figure 6.7: Example Membership Grades of Various Levels of Confrdence Limit on

NPVB for Various Comparison Scales for the Demonstration Problem

level of confrd.ence limit of NPVB criterion as shown by the highest membership grade for

that level of confidence limit is preferred by the assessor, since it provides a satisfactory level

confi.dence ljmit in terms of both the degree of certainty/reüability as well as the level of

achievement of a specifled level of aspiration (goal). Table 6.6 also conflrms this observation.

In summary it can be concluded that determination of the choice of level of confidence

limit in a finzy context through membership grade (À) and appJication of the Anaiytical

Hierarchy Process approach significantly reduces the various limitations inherent in CCP

in the following manner: i) the qualitative preference of a DM or a group of DM toward

uncertainty can be explicitly incorporated in model formulation and hence in the de-cision

process, ii) the effect of such choice can be directly evaluated in the model solutions, i.e., a

different va.lue of À wili result in different solutions, iii) the consistency of the DM's assessment

can be verified and reassessment performed if necessary, and iv) the effect of constraint

vioiation with respect to the tolerance intervals can be observed by introducing an additional

decision variable which measures the degree of constraints violation relative to their toLerances

in the FCCIGP formulation.

An example of the evaluation of constraint violation of the NPVB goal constra.int using
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Figure 6.8: Example Relationship Between the Degree of Actuai Constraint Violation

of the NPVB Goal Constraint and Confidence Limits for the Demonstration Problem

the formu-lation described in Expressions (6.66)-(6.69) and data from the potential projects

at stage 1 of the SDP model ljsted in Table 7.1 is shown in Figure 6.8. This figure shows

the relationship between actual constraint violation with respect to the tolerance intervaJ.

of NPVB goal and preferences toward confrdence limits of NPVB criterion. Examination of

Figures 6.7 and 6.8 indicates that the degree of constraint violation of the NPVB goal is

actually a reciprocal of the membership grade of the confidence limits of NPVB criterion.

At the lower levels of confidence limit, i.e., at the levels smaller than the medium level, the

degrees of constraint violation are at higher levels. The violation with respect to constraint

tolerance in this lower region of confidence limits ref.ects a degree of uncertainty of the

achievement of NPVB goal. Similarly, at higher levels of the confidence limit, i.e., at the

levels greater than the medium level, the degrees of constraint violation are also at a higher

level. The violation in this higher region of confidence limits reflects a degree of deviation

of the achievement of NPVB goal from a specified aspiration level. On the other hand, the

closer the confrdence levels to the medium confidence ljmit the lower the degree of constraint

violation. The lowest degree of constraint violation reflects the highest level of satisfaction of

the goal achievement in terms of both the degree of certainty/reliability as well as the level
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of achievement of a specified aspiration level.

6"8 lretegna.tåor¿ @f the Multiobjectlve Optin'etøa-

tion and the SÐP Vlethod ly-rto A {Jnåffied

&Æodel

6.8.1- Objective of the OvenaIT Approack¡

The objective of the first level Stochastic Dynamic Programming (SDP) optimization, for the

planning model is the development of an investment planning poJicy which permits decision

makers to deflne and select the optimal investment planning decisions (Di,¿,*) in terms of the

level of development with its associated optimal project portfolio to pursue for each possible

state combination Li'* $.e., current level of development Li and.level of funding received in

the previous stage PF{:) at any scheduling horizon under direct consideration of conditions

of current and future budgetary fluctuation and, indirectly, through the information (results)

provided by the Ftzzy Chance Constrained Integer Goal Programming (FCCIGP), under

consideration of uncertain investment outcome. In particular the investment decision policy

generated by the model is able to recognize explicitly the possibility that, in any scheduling

horizon, the actual level offunding received is different than that desired or anticipated for the

scheduling horizon. The risk aversion attitude of the DM, e.g., "risk taker" or "risk aveïter",

with respect to uncertainty of outcome can also be incorporated, through the FCCIGP, in

any investment planning decision.

The second level of optimisation, in this case, the FCCIGP approach develops, for each

scheduüng horizon (stage) of the SDP, the immediate economic returns for each possible

combination of level of possible funding decision (Df ) and level of actual funding received

(fl) within each stage of the SDP model. These immediate returns expücitly recognize and

incorporate the inherent uncertainties (through confidence limits) of the NPVB analysis, im-

precision of target settings and budget limits, and multiobjective-multicriteria issues inherent

in determination of the optimal multiobjective project portfolio. The FCCIGP model also
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determines the optimal sequencing, scheduling, and associated budgeting for the portfolios

it selects for each possible combination of Df and {, but with direct consideration of the

socio-technical, economic and political uncertainties on each scheduling horizon (stage).

Subjective probabilities for each level of actual funding (,{), (derived from the subjective

model described in Chapter 5 Subsection 5.6.a) are directly incorporated into the SDP to

determine the "optimal" policy. The decision in any scheduling horizon can then be made

based on these probabilities and the choice of level of confldence limits associated with the

returns (NPVB) generated by FCCIGP methods.

A schematic description of the operational procedures to handle the various types of

uncertainties inherent in the water resoürces investment planning through the integrated

SDP-FCCIGP models are shown in Figure 6.9.

6.8.2 Cornrnunication of' the Ïretegrated SÐF-FCCIGF Mod-

eI

In this integrated model the output of the FCCIGP becomes the input to the SDP model or

more speciflcally the linking variables between the FCCIGP and SDP models. These linking

variables are: a) the optimal project portfolio based on goals and criteria preferences for each

combinatio n of D! and { , b) the optimal economic return in terms of NPVB criterion accrued

from the optimal project portfolio obtained in a) (7rÈ'¡), and c) Irrigation Area Developed

(IAD) in terms of hectares of irrigated rice fields generated by the optimal project portfoLio

obtained in a) @D!\.

6.8.3 Additional Featun'es of the Integrated FCCÏGP-SÐP

Model

Project Scheduling and Minimization of Discounted Costs

The introduction of construction period constraints in the FCCIGP model defined by Expres-

sions (6.47) to (6.a8) enables the DM to schedule a project in which the construction period

is begun at the optimum position, i.e., the position that minimizes discounted construction
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Figure 6.9: Diagram of Integrated FCCIGP-SDP Model
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costs and also ensures completion of the whole project, as opposed to partial completion,

under conditions of a limited budget. If NT is the number of years of the development

scheduling horizon and CP¡ is a construction period required by project j, then the number

of positions for the construction period of project j within a given NT, i.e.,I{P¡, has to

satisfy the following relationship :

NP¡=NT-CP¡I7 (6.70)

From the above equation, it is observed that the longer the duration of ly'?, the larger the

number of N P¡ and hence the higher the number associated with the choice of the optimum

position of the construction period.

These construction period constraints are incorporated into the FCCIGP model by using

the approach outlined below:

ø Step l-: Define new decision variables for each project j under consideration which

represent the positions in the construction period in which that project may be started,

i.e., Y¡6p) for (np¡) : 1, ..., 1[P¡. for each project under consideration.

ø Step 2: Define a constraint for each project under consideration (see Equation (6.47))

to ensure that if a certain project is accepted only one decision variable representing

the position of the starting point of construction period of selected project deflned in

Step 1 is selected, i.".,YI@o¡) e Y¡çne¡).

An example of formulation for the construction period constraint is given as follows. Consider

a project j with C P¡ : 3 years, to be constructed within a given scheduling horizon of

NT = 5 years. Therefore, according to Equation (6.70) the number of possible positions of

the starting point of construction of project j is 3, i.e., N P¡ = 3. The construction period

constraint deflned in Step 2 (Equation (6.47)) for this case can be written:

Y¡*Y¡zIY¡s-Xj=0

To examine a project scheduling plan that minimizes the discounted construction cost

due to the monetary value of time, a number of FCCIGP models incorporating different

scheduling horizons (//7) can be solved. (In the demonstration in Chapter 7 the FCCIGP
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isrunforNT (Syears; NT< 6years; NTS Tyears; NT< Byears; NT< gyearsand

NT < 10 years.) The results of these models are linking variables e.g., Net Present Value

of Benefit (NPVB), Irrigation Area Developed (IAD) and the associated optimal project

portfolio which become inputs to the SDP model for the various values of NT. The optimal

planning decisions and their relative frequency and total expected net present value of benefit

(TBNB) at the beginning of the scheduling horizon can then be evaluated.

TYade-off between f,,onger vs. Shorter Scheduling Horizon (NT)

In determining the duration of the scheduling horizon, or moïe specifi.cally, the period in which

construction of the projects can be undertaken, the role of external factors governing the

future availability of budget for development over the scheduling horizon should be considered.

The issue underlying these possibilities for changing allocation policies is the longer the

scheduling horizon (.nf7) the higher the risk of the project being not completed due to the

change of government policies that might occur during the period in question. On the other

hand, the ionger scheduling horizon the higher net benefit due to decreased discounted con-

struction costs. Therefore, the trade-offs between the shorter scheduling horizon with alower

risk of the project being not completed and also with a lower net benefit veïsus the longer

scheduling horizon with a higher net benefit but bearing a higher risk of the project being

interrupted should be examined.

On the basis of variation in NPVB with 1/7 the optimal construction period can be deter-

mined or judged subjectively on the basis of the trade-off between risk of non-completion and

reduced cost (improved beneflt). A demonstration example of how the trade-of is obtained

is given in the application of the model to Indonesia situations described in Chapter 7.

The risk of the project being not completed is very difficult, if not impossible, to quantify

explicitly. It is therefore proposed that this category of risk be evaluated using the surro-

gate measure of time "time required for implementation" in combination with the projects

selected, i.e., the longer the time required for implementation the greater the risk of projects

being interrupted or delayed and even cancelled. Therefore in order to develop the trade-off

betweeen risk of non-completion and net benefits, the SDP model would be run a number of

times, each time using the different result provided bv the FCCIGP for the various restriction
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orL NT ) i.e., NT ( 5 years;I/T < 6 years etc" and the appropriate level of discount factor (a)

in the SDP model. The value of the discount factor a applied in the calculation of the long

range return in the SDP model appraises the impact of uncertain future outcomes reflecting

the potential for interruption (Hasting, 197I and Kennedy, 1986). The longer the duration

of NT the higher the interest rate and therefore the lower the present worth factor (discount

factor).

The actual trade-offbetween shorter and longer scheduling horizon can be evaluated using

the four axioms of utility function shown below (Benjamin and Cornell, 1970):

1. For two alternatives, A1 and A2, one of the following must be true: the individual

prefers 41to,4.2, prefers A2 to A1 , or is indifferent between them.

2. The individuai's evaluation of alternatives is transitive: if he/she prefers A1 to A2 and

A2 to -43, then he/she prefers Al to As.

3. Assume that Al is preferred to A2 and A2 to A3. There then exists some probability

p, 01 p {1, that the individual is indifferent between outcome A2 with certainty or

getting ,41 with probability p and A3 with probability (1-p). In other words, there

exists a level of certainty equivalent to any risky event.

4. Assuming an individual is indifferent between two choices, A1 and A2, and if A3 is any

third alternative, then he will be indifferent between the following two risky choices:

Choice 1offers aprobability pof receiving A1 and aprobability (1-p) of receiving 43,

and Choice 2 offers a probability p of receiving A2 and a probabilitq G-ù of receiving

43.

Thus if an individual conforms to the four aúoms, a utility function can be constructed.

In this case, the trade offbetween shorter and longer scheduling horizon can be evaluated

by determining the threshold probability (the cross over value p*) between 0 and 1 such that

the planner will be indifferent to the option of shorter @f S 5 years) and longer scheduling

@f 56,7,8,9, 10 years). (Note: probability of not being interrupted is not equivalent to

the probability of non-completion). In this problem the DM will face the following choice of

actions:
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NT = 5 years
( no ¡terruption )

u (B) al = u(B)

a2 = p u(A) + (t -p) u(c)

lndifferent condition a1 = â2

p * can be ob'tained

Figure 6.10: Decision Tree for Potential Project Interruption

a1: implement the projects with 1/7 ( 5 years with a certain return B.

ø2: implement the projects with i/7 { 6,7,8, 9 and 10 years respectively with p probability

of not being interrupted and (1-p) probability of being interrupted.

Note that the action ø1 is also subject to uncertainty which can be reflected in the choice

of discount factor (a). However, the above comparison is an effort to examine the presence

of incremental' uncertainty inherent in such longer scheduling horizons, when these longer

schedul-ing horizons are being considered by the DM or analysist.

The problem is to define p* such that the DM will be indifferent between choosing ø1

with its a certain consequence B and choosing action ø2 with chance p* of receiving A and

(1-p) of receiving C. Thereforê, p* can be obtained from the following equation:

B-p*u(A)+(t-p.)"(C)

Figure 6.10 demonstrates schematicaily how this process is accompüshed.

When the probability of the projects not being interrupted (p)is greater than p. (p2 p*)

theÌongerschedulingtimesof NT < 6,7,8,9and10areoptimal. Converseiyif p<p*the

shorter scheduüng of t[7 ( 5 years is optimal.

NT > Syears
potential interrupt¡on )



An example of the application this procedure is given in Chapter 7 using a study case of

water resources investment planning in Indonesia for the next twenty-five years.

6"9 Cowapanisosl with ttk¡er lVlodeås

Qualitative comparisons of characteristics between existing probabilistic models, e.g., PRO-

TRADE (1979) and STRANGE (1986) and the integrated model of SDP-FCCIGP developed

in this study are discussed in the following section by contrasting such models on a one-to-one

basis.

6.9"1- Cornparison ü¡itËì FR.ÛT'R,&ÐÐ and STR..&NGE

Common Characteristics:

These three models (SDP-FCCIGP, PROTRADE, and STRANGE) are investment plan-

ning models for specifled time horizons which involve multiple and conflicting objectives and

criteria taking into consideration time dependent uncertainties affecting the coefrcients and

the right hand side of constraints. In handling the uncertainty in the ieft hand sides, all mod-

els make use of the "deterministic equivalent" concept adopted from the CCP or "stochastic

programming with resource". An interactive process with a DM is required for all models to

determine the best satisfying, or efficient, solution with respect to the trade-of between goal

achivement and the degree of uncertainty involved. In addition to these features, a part of

the uncertainties considered in all models involves subjective probabilities which are largely

depended on subjective inputs or judgments from a DM or a planner.

Differences:

1-. Type of Uncertainties:

PROTR,ADE and STRANGE: The PROTRADE model only deals with uncertainty in

which uncertain parameters, e.g., mean, vaniance, and standard deviation can be statistically

defined' On the other hand, the STRANGtr model, is mainly concerned with uncertainty in

which uncertain parameters cannot be statistically defined, and thereby require probabilities

of the occurence of such parameters to be defined subjectively.

SDP-FCCIGF: This integrated model offers more a comprehensive consideration of various



types of uncertainties inherent in real life problems of investment planning. These uncertain-

ties are:

ø External Uncertainty: This type of uncertainty is beyond the control of DM and its

parameters cannot be statistically defined. To handle this problem subjective proba-

bilities are assigned, in this case to the transformation probabilities matrix in the SDP

model.

o Bxternal Risk: This type of risk is also beyond the control of DM but its uncertain

parameters can be defined statisticaliy. To handle this problems, chance constrained

programming is employed in the second level FCCIGP optimization.

ø Internal Uncertainty: This type of uncertainty, characterized by such factors as im-

precise input data, is partly beyond the control of DM and its uncertain parameters

cannot be statistically defined. To handle this problem, finzy set theory is employed

in the FCCIGP modei.

2. Tleatment of Subjective Probabilities:

FROTRADE: At present, there is no means in this approach for handling subjective prob-

ability. Since the preferences of the DM in this method are reflected in the form of the utility

function, the AHP method, which is based on a linear scale of judgment, may not be used to

replace this utility function in a satisfactory manner.

STRANGE: In this model, the subjectively derived scenario-based probabilities are defined

by experts without an explicit rationale for assessing the value of such probabitities. In gen-

eral, it is difrcult to obtain reliable and consistent assessments, especially when the number

of criteria considered are large. In addition to this problem, the definition of the scenario for

describing future uncertainties in the resolution algorithm is difrcult to interpret. However,

these difficulties may be able to be mitigated to some extent by using an appropriate collec-

tive opinion technique, namely the AHP method.

SDP-FCCIGP: Subjective probabilities are determined by qualitative pairwise comparison

judgments using the eigenvalue method (the AHP method) with historical data providing

the basic rate. The pairwise comparison itself is performed in a matrix form in a simple and

weil-established tool ofering a framework for testing consistency. Furthermore, the deflnition
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of scenario in an exploratory manner (examination of events that might influence the future

and parametrization of the principal components of the system) is well defined and easy to

understand.

3. Decision Maker Involvement:

FR-OTR,,{DE and STRANGE: Both models require an intensive interaction procedure

with a DM or grorlp of DMs and as such suffer from a complex and extensive questioning

procedure. This makes elicitation of subjective input and trade-ofs analysis difficult, time

consuming and tedious, perhaps lessening the quaìity of responses given.

SDP-FCCIGF: This integrated approach requires somewhat less interaction with the DM,

namely, at the beginning of the optimization pïocess to determine the goals and target set-

tings, the specification of the lower bound of budget iimits and the spread of tolerance, the

qualitative pairwise comparisons to generate the subjective probabilities of budget Iikelihood,

and at the end of the process to check his or her satisfaction with the solution relative to the

ideal solution. Although it requires a number of interactions with the DM, the degree of com-

plexity of such interactions is less than that required in both PROTRADE and STRANGE

models.
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Chaptæw V

,&PWfuKt &K'K&N &F Vg&Ðffi$,

Y"t Applicatior¡. to \Ma.ter Resoutrces lnvestrnent

Planr¡ing Frohlerr¡

In this chapter the integrated SDP-FCCIGP rnodel describecl in the previous chapters is

dernonstrated by ernploying it to analyze the problem of water Ìesources planning for ir-

rigation development in Indonesia for the next long term (25 years) cleveloprnent planning

horizon.

7.1".1, Ðescniption of Problern

Timely and appropriate exploitation of water ïesources is often a key factor in the econouic

and social progress of developing countries. In the case of Inclonesia, water resource cle-

velopment has been an important factor in attaining and rnaintaining the Governrnent of

Inclonesia's (GOI) objective of self-sufficiency in lice procluction. The planning ancl i¡rpìe-

rnentation of projects associated with this water lesources developrnent have been perfonnecl

in a very uncertain budgeting environment. The high dernancls for water ïesource devel-

opment in temrs of irrigation facilities, swamp reclamation, flood control ancl hyclro power

have also forced the decision rnakers to perforrn "target oriented" implementation planning

policies without due consideration of the fact that the actual funding realisation is generally
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different from, and often less than, the arnount requirecl or anticipatecl.

Three rnajor causes of budget allocation uncertainty imposed on water resource pro.jects,

and their irnplications, have Ì¡een identified

1. The sudden drop in oil revenue due to the fall of the worlcl rnarl<et price of oil in 1gB2

and 1986, and also the increasing burden of debt service payrnents, severely restrictecl

the GOI's ability to support continuation of on-going water ïesource projects. As a

result rnany hrindrecls of srnall and mediurn scaie (500 ha-3000 ha) on-going irrigation

projects (constituting a total area about 100,000 ha) were reschecluled, postponed or

even cancelled because of the drop in available funds.

Changing priorities in budget alLocation related to changing government policies with

respect to the following socio-econornic issues:

ø Current GOI policy is to irnprove the equitable distribution of investnent between

developed areas and less developed areas.

ø Achievernent of self-sufrciency in rice production since 1984 has changecl the

ernphasis on irrigation development. The current irrigation policy is to rnaintain

self-sufficiency in rice production by rehabilitating and rnaintaining cornpletecl

schernes with extension of new irrigation facilities being primarily directecl to

replace losses of irrigated areas due to shifting of land to non-rice production

pllrposes. As a result of these changes some on-going multipurpose projects,

which cover an area about 145,000 ha. located in the relatively developecl islancl

of Java, have been postponecl and even cancelled.

There has been a decrease in the agriculture sector's contribution to Inclonesia's Gross

Dornestic Procluct (GDP), from 47% in 1969 to 26% in 1986. This fact rnay influence

GOI's policy in budget allocation priorities among cornpeting sectors in future. The

sectors such as industry, transportation and cornrnunication and energy rnay receive a

greater emphasis than previously with a consequent reduction in budget allocation to

the agriculture-irrigation sector.

Ðxauination of the water lesorrce developrnent funding allocations in Indonesia, over the

2.

ð.
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past 17 years confirms that in each time period there have been significant cleviations between

the anticipated target levels of funding and their actual funcling realization (see Table 7.1).

The clelays in irnplementation of ongoing water resource projects causecl by these budgetary

unceltainties also exist in an environment where future project benefits rnay be overestirnatecl

even for 'on-time' completion of projects. Furtherrnore, postponement of projects can give

rise to partial cornpletion of projects with significant or even total reduction in economic

returns.

In spite of their rnultiobjective-rnulticriteria deflnition, irrigation projects in Inclonesia

have generally been selected by proceriures doninated by traditional Benefit-Cost analysis

without an appropriate or cornplete analysis of the social-technical aspects inherent in the

agricultural produc.tion and rnarketing subsysterns. These aspects include social responses in

terrns of the readiness of farrners to exploit irrigation facilities, a feature which contributes

signifrcantly to the rate at which an irrigation project reaches its full developrnent stage ancl

ultiuately to the overall output of the project. As a result, lnany thousancls of hectares of

completed irrigation and swarnp reclarnation, particularly in regions off Java (Sutarcli, lgBB;

Sutardi et al., 1991a), were not utilized to the optirnum level projectecl by econornic analysis

for more than five years after cornpletion of the projects.

The investrlent outcorne uncertainty arising from these socio-technical, econornic, clata

political uncertainties, and irnprecision (fuzziness) of input planning data may leacl to non-

optirnal investrnent decisions on the irnplernentation of water resource projects.

7.L"2 Ðata and Assurnptions fon iVlodel Application

The long term water resources development planning horizon (25 years) for the clemonstration

of the rnodel is divided into 5 scheduling horizons/stages (t : 1,...,,9 = b) with each stage

reflecting the medium terrn (Five-Year Developrnent Plan or PELITA) planning policy. Sorne

160 rnediurn and large scale irrigation projects covering a total area of 2.68 rnillion hectares

are appraised in the rnodel. These projects are rnade up of Mt: JJ; 32; 30; 82; ancl 33

projects for stages t :I; 2; 3; 4; and 5 respectively. Five levels of possible funcling clecision,

(Df , for lc :7,...,ND,,,,* ancl 1{¡,,,,-=5 V ú, i, zn) were cleflnecl at each stage to funcl those

candidate projects (recall that i is the index of levels of development or state, ancl z¡¿ is
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Table 7.1: Historical Data of Planned and Actual Funding Realization for lrrigation

Developrnent in Indonesia During the Last Seventeen Years

Period Plamed Target and Funding Realization of Target and Funding

(Fiscal Year) Phys.ical Target

(Hectares) ")

Plarured Funding

(Rupiah r06)

Physical Realizat.ion

(Hectares)

Actual Funding

(Rupiatr 106)

Pelita IIð)

r974-197s

1 975-1 976

7976-1.977

7977-1978

1 978- 1 979

Pe[Ia III
1 979-1980

1 980-1 981

1 981-1982

1 982-1 983

1 983- 1 984

Pelita IV

1 984-1 985

1985-1986

1 986- 1 987

1 987-1988

1988-1989

Pelita V

1 989- 1 990

1990-1 991

152,000

171 ,000

190,000

209,000

228,000

130,900

146,300

161,700

161,400

161,700

778,41.7

110,576

722,657

119,908

728.448

110,000

100,000

76,000

891775

102,600

777,O4O

131,000

274,890

313,375

349,757

369)970

356,548

770,502

7O7,6a6

797,232

791,393

854,1 79

715,000

670,000

62,500

70,380

7812OO

86,020

93,840

72,736

80,622

89,109

84,866

97 þ96

49,O87

63,823

27,934

59,930

23,677

79,476

54,470

31,280

36,950

42,228

48,771

53,9s8

151,486

772,692

192,743

1 85,347

215,199

331,337

430,805

148,0s4

404þ28

159,820

472,678

420,872

Note:
o) Hectares of irrigated areas plarured/developed
ò) P"lit. II = Seconcl Five-Year Developrnent plarr

Sor.uce: DGWRD PELITA I-IV Reports
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the index of levels of previous funding). The associated levels of possible funcling allocation

at each stage t are given as BT{= tì g24;809; 6g3; sTB; 462 (106) for k = i,...,ND,,,,^

respectively; BT!= $ 792;690; 580; 4TB;370 (106) for l¡ = 1,...,NDr,,,^ respectively; BT!:
$ 1050; 970;770;630; 490 (106) for L; = I,...,NDr,,,^ respectively; Bft: $ 1080; gJ6;7g2;

648; 504 (106) for li :1,...,NDn,,,* respectively; and. BT!: $ 1185; I02T;86g;711;b53 (106)

for k = Ir..., NDu,,,* respectively.

Technical and socio-econornic data related to the selection criteria describecl in Section

6.1'1 of Chapter 6 were collected for each projects under consideration. The aggregate score

for each criterion was then deterrnined by the scoring prediction moclel describecl in Chapter

6 (Expressions (6.1) and (6.2)) based on regression analysis of 40 sirnilar projects that were

completed during the last fifteen (15) years. The lists of these previously cornpletecl projects

with their associated scores on each constituent criterion are given in Tables ,{.1 ancl 4.2 for

the Physical Potential and Environrnental (PPE) criteria, and the Agricultural Procluction

and Marketing factors related to the tr'armer Readiness (FRD) criteria respectively. These

two tables also surnrnarize the results of the regression analysis for predicting PPtr ancl FRD

criteria. It should be noted that for available data (frorn the completed projects over the last

15 years) listed in Tables 4.1 and 4.2 not all parameters (explanatory variables) clefinecl in

Expressions (6.1) and (6.2) are statistically significant for predicting PPE ancl FRD criteri-

a' The results of statistical analysis based on the stepwise regression procedure using

Forward select'ionand Backward eliminationat 95% confidence limit inclicate that only Lanrl

Fertility; Land Uses; and Site Location are significant for predicting PPE, ancl sirnilarly only

Number of Farmers; Irrigation Efficiertcy; and Land Ownersh.ip are significant for preclicting

FRD criteria. It should be noted, however, that the observation on the correlation rnatrix

shows that these expianatory variables are highly correlated to each other inclicating the ex-

istence of rnulticollinearity. Further diagnostic tests using the variance inflation factor, the

eigenvalue, and the condition index (Montgornery and Peck, 1991, and Neter et a1., 1983)

indicates that there is a moderate degree of multicollinearity. As consequerìces, the following

irnplications are observed in the presence of rnulticollinearity : 1) nonsignificant results in

indiviclual f tests on the regression coefficients for anticipatecl irnportant variables accompa-

nied by a large overall F statistic. For example Water Auailability, Topograph,y, and, Lar-rÅ,
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Distribution for PPE criteria and Productiui,ty of Existing Schemes, Agri,cultural Support, Op-

erat'ion and Mainteno,nce) and Use of Input for FRD criteria, have sma,ll absolute values of ú

statistic, and 2) estimated regression coeffi.cients with an algebraic sign that is the opposite

of that expected from theoretical consideration or prior experience, for example Use of Input,

Agricultural Support, and Operation and Maintenance for FRD criteria have negative coeffi.-

cients when positive coefficients were expected. In this situation, the following assertions of

Montgomery and Peck (1991) and Neter et a1., (1983) are adopted to guide the interpretation

of the regression results: 1) in the case of highly intercorrelated explanatory variables, the

small value of I statistic should not be used solely as a criteria to screen the set of explanatory

variables since this procedure can lead to the dropping of important intercorrelated variables,

2) the common interpretation of the regression coefrcients as measuring marginal efects on

dependent variable is often unwarranted with highiy correlated independent variables. For

example, a planner could not decrease Agricultural Support (holding the other explanatory

variable constant) and expect Rate of Uti,lization to increase as the negative coefrcient might

seem to suggest since there is in fact a positive correlation in the correlation matrjx between

Rate of Utilization and Agricultural Supporú. Furthermore, both factors are highly intercorre-

iated and intuition suggests that as the Agricultural Supporú increases, Rate of Utilizøtion of

newly completed irrigation scheme wiLl increase. It is a,lso observed that while least squares

produces poor estimates of individua.l model parameters when multicollinearity is present,

this does not always imply that the fitted model is a poor pred,ictor. For example, the re-

sults of prediction of response for new observations for both the 'complete' and 'the only

significant variables' models are the same. Based on these facts, it can be conciuded that

multicollinearity can be tolerated since the aim of these regression models is to predict PPE

and ERF criteria. In this case, the complete model defined in Expressions (6.1) and (6.2)

are stiil appJicable for general usage since there is no one subset of parameters (explanatory

variables) which is usually 'best' for a,ll uses and regions (Neter et al., 1983).

Scores of the selection criteria, i.e., Physical Potential and Environmental (PPE), Farmer

Readiness (FRD), Existing Rice Fields (ERF), and Transmigration Support (TS), and other

relevant information for each project under consideration in stages 7,2,3, 4, and 5 are given

in Tables 4.3, ,A..4, ,A..5, 4.6, and 4.7 respectively.
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Statistical analyses to deterrnine the pararneters describing the uncertainty in economic

outconte for each of the candidate projects were performed according to the proceclure de-

scribed in Chapter 6 (Section 6.3.1). The econornic hjstorical clata of cornpletecl projects

were regionalized with respect to their social profrle, e.g., developed regions on and off Java

velsus underdeveloped regions off Java, and the Contingency Index of each of the proposecl

projects calculatecl. The results of this analysis are given in Tables A.B, 4.9, ancl 4.10 for

developed legions on and off Java and the underdeveloped regions off Java respectively. Sirn-

ilarly the economic values for the potential/ploposed projects were based on the investrnent

study t'eport for the potential irrigation projects in Indonesia (BCEOM, 19Bg). The econornic

clesirability of the potential projects in terms of the 'original' (without considering inherent

risks) NPVB criterion are given in Table 7.2 for the projects proposecl in stage 1 ancl Tables

Ã'II, 4.I2, 4.13, and 4.14 in the Appendix for the potential projects in stages 2,3, 4, anc)

5 respectively. A discount rate of 7% (a value generally used for agricultural projects in

Indonesia) and a 5% anmal inflation rate were assumed in the econornic analysis (Gittinger,

1e84).

7.2 hzfoden Application

7.2"L The SDP ,4pplicatíor¡

Historical data describing the levels of deviation between the projected and the actual funding

realisation of the budgets for irrigation development in Indonesia over the last 17 years

are shown in Table 7.1. Based on this table the relative frequencies of discretizecl level of

deviations between planned and actual funding over the last 17 yeaïs were calculatecl and are

shown in Table 7.3. The inforrnation extracted frorn Tables 7.1 and 7.3 were then usecl as the

basic rate in developing relevant scenario-based transformation probabilities, i.e., Limiteci,

Non-limited, and Undeterrnined Budget scenarios for use in the model. [The exauples usecl

in Chapter 5 (Section 5.6) to dernonstrate development of the transformation probabilities

using the Subjective Moclel with both the Direct Assessment and AHP methorls were basecl

on the Indonesian historical data shown in Tables 7.1 and 7.3 which are relevant to this
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Table 7.2: Summary of the Probabilistic Information of NPVB Criterion for the Can-

didate Projects at Stage 1

PROJECTS NUI'.IBER LOCATION

AND NAME (PROVINCE)
ORIGINAL*) VARIANCE

NET OF NET

BENEF¡T BENEFIT

(s 10^ó)

STANDARD I'IEAN

DEVIATION OF NET

OF NET BENEFIT

BENEFIT ($ 10^ó)

LOIIER UPPER

LII'IIT LIMIT
t95% t5%

EXCEEDED] EXCEEDED]

(s 10^ó) (s 10^ó)

AREA

( HA)

1 KRUENG BARO ACEH

2 NORTH SUMATRA N. SUMATRA

3 PASAÌ'IAN UEST SUMATRA

4 BATANG KUMU RIAU

5 LII'IUN SUNGKAT JA¡IBI

óó.86 478.22
13ó.86 1933.35
19.01 24.92
51.9 32/-.44

10.ó5 9.95
191.61 6016.37

7.7 123.88
17.73 27.47
51.45 193.74
3.87 62-41
5.8 302.33

79.5 668.60
489.ó58 34097.04
460-71 7816.41
131.24 1035.02
13.ó8 10.45

342.19 12612.92
2.19 0.3ó
7.55 58.ó2

21.09 314.80
13.112 1ó0.30
14.24 163.35

3 .85 2.50
26.1 204.05
11-1 155.41
83 . ¿i 646.15
5.3 7.57

1.42 11.22
7.98 30.70
1.01 7.12
5.64 19.65
5.98 28.82
8-52 183-47

21.87 47.05
43.97 99.38
4.99 15.09

18.01 38.57
3.15 7.92

n.57 119.62
11.13 -4.71
5 -21 13 .10
13.92 40.37
7.90 -5.03

17 .39 -13.94
25.86 66.54

181.65 391.44
88.41 433.11
32.17 117.73
3.23 12.37

11?.44 285.90
0.ó0 1.69
7.66 -0.84

17 .71 1 .89
12.66 -0.ó9
12.78 0.34
1.58 2.31

14.28 11.36
12.47 -?.65
25.42 61.07
2.75 2.49
3.35 -2.37
5.51 4.60
2.67 -1.38
1.43 0.87
5 -37 0.14
13.55 -6.61

ó KOI'IERING

7 BAAL

8 WAY ABUNG

S. SUMATRA

S. SUMATRA

LAI'IPUNG

16772
41 000

1926
13800

2500
55904

5500

5000

1 3550

4400

1 0000

18923
1301 58

74537
25415

2580
143012

s55
5000

1 2000

7820
8000

1 200

1 0000

7500
21200

1 950
1963

3425
1520

2850

33ó0

8276

9 t,AY PEDADA LAMPUNG

10 ALAS BENGKULU

1 1 MANJUTO KÀNAN BENGKULU

12 TELUK LADA IIEST JAVA

13 JATIGEDE IJEST JAVA

14 JRATUNSELUNA CENTRAL JAVA

15 DUI'IPIL CENTRAL JAVA

1ó MADURA EAST JAVA

17 EAST JAVA II'IP. EAST JAVA

18 SANGGAU LEDO lJ. KALIMANTAN

19 KASAU C. KALIMANTAN

20 RIAI'I KANAN S. K,ALIMANTAN

21 TORAUT BONGO N. SULALJESI

22 TAOPA C. SULAI,JESI

25 KALONG C. SULAIJESI

24 BOYA S. SULAIJESI

25 SAN REGO S. SULAT.JESI

2ó IJAI.JOTOBI S.E. SULAIJESI

27 DATARAN KOBI MALUKU

28 I..IIMBO ERANG IRIAN JAYA

29 IRIGASI BALI BALI

30 EI'IBUNG NTB IJEST NUSA TG.

31 KALII'IANTONG IJEST NUSA TG.

32 IRIGASI NTT EAST NUSA TG.

33 EMBUNG NTT EAST NUSA TG.

83.11
171.93
23.33
68.29
13.12

247.60
13.65
22.04
63.34
8.00

14.75
109.21
696.12
579.01
170.82
17.70

171.43
2.68

11.79
31.1ó
20.20
21.43
1.92

34.93
17 -92

1 03 .01

7.03
3.1'6

13.74
3.02
8.18
9.00

15.71

NOTE : *) S0URCE BCE0M (1989) IRRIGATION INVESTMENT STUDY
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Tal¡le 7.3: Frequency Distribution

ancl Ac.tual Funding Realisation for

Seventeen Years

for Level of Deviation

Irrigation Development

Between Funcling Decision

in Inclonesia Over the Last

Level of Deviation Frequency Relative Frequency (%)

0.20-0.30 2 12

0.31-0.40 0 0

0.41-0.50 6 35

0.51-0.60 6 35

0.61-0.70 3 18

0.71-0.80 0 0

0.81-0.90 0 0

0.91-1.00 0 0

77 100

demonstration exarnple.] The transfonnation probabilities derived by the Subjective Moclel

with Direct Assessrnent (based on datashown in Tables 7.1 and 7.3)for the three scenarios of

future budget availability, narnely Lirnited, Non-limited, and Undetermined Buclget (shown

in Tables 4.15; A.i6; and 4.17 respectively) were applied for the model dernonstration. [The

similarities ancl the differences between the SDP results from transformation probabilities

generatecl by the Direct Assessment and the AHP rnethods for a particular confidence lirnit

on NPVB and for all scenarios of future budget availability are addressed in the discussion

of the results.]

The AHP method is aiso used to guide DM(s) or planner(s) to determine the likelihoocl,

or possibility rating, for each scenario of future budget availability for the various levels of

investrnent anticipatecl, i.e., which scenario is the most likely to occur given the relevant

factors and information beüeved to govern the occurence of such scenarios.

Application of the possibility ratings to the Indonesian water resources developrnent prob-

lem is as follows.

scenario of Future Budget Availability Rating Using the AHp Method

As described in Chapter 5 (Subsection 5.6.7), the relevant factors contributing to the

future budget availability for investrnent can be structured in a hierarchy of levels ranging

from the highest level factors to the lowest level of sub-factors as shown in Figure 7.i. Tlie

main factors relevant to clefining the future availability of budget for rvater lescoulces (public)
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SCENAFIIO OF FUTURE BUOGET AVAILABILTTY

wonrD OIL PRÍCE (¡l)

FOCUS:

FACTOFIS:

SUBFACTORS:

LEVEL OF

LEVEL OF
INCBÉASES:

SCENAFIIO OF LF/ELS
OF FUTUFIE BUOGET
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NOIE

PRIMAFIY FACTORS: woFlLD o!- PRfcE ( F f )
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SUBFACTOBS: wl - woFr.D or. CoNsUMpnoH G¡toffiH
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W3 - NftUEllCE Of NIEFl¡{AllOl{ÀL F0iANCIÂL F+SlTrufìOl+a¡
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LEVEL OF INTENSITIESI Ll - Low NrENstrY oF suaracloRl (l-t,2)
M I - Ll€D{.J*l NTENS{ÎY oF SIJõ|ACÎOR I

.H I - ¡ûGH b{TENs,llY oF sUBrAclOR I

lr J - LESS FAVORABLE OF SUBÍÀCÍOR 3
Sa 3 - SfATUS AUO CONOIT¡OI{ Of SUBFÂCIOR 3

ftF 3 - MOSÍ ¡ÂVOFÁB!-E OF SUA|ACÍOR 3

Dl - DECREAS€ oF SuB.s¡JafÀcfof, I (J-1, ¿)
so I - sfattts ouo cot¡ofiloN af sua-suBf.AcfoR I
tl - NcfiEAse of !¡J€!€ûa¡AcÍoR I

LEVEL OF INCFEASES: Lm - Lo+/ R¡cFlEAs€ oF rAcloR m (m- 1,2)
M ñ - MÐIJñ{ Þ{CnEAs¿ Of FACÍOFI m
Hm - tIel HCFEASe Ol FACIOR m

o 3 - DEæ{st Of FACIOR 3
sa3 - s¡A1t!¡ a{Jo oP FÂcfoR 3
| 3 - t{cfiEÀsg oF FÂCfo€ 3

SCENARIO OF LEVELS OF FUTURE BUOGET AVAIL.AEILTTY:

LM . LIIWTED BUOCEI SCENARÍO

N! - trofl L|È1¡TED BUOcCt SC€t¡ Ff<)

UD . IJNOEÌEN$NED SIJD€EÌ SCEI{AFIO

Figure 7.1: Hierarchy for scenario of Future Budget Availability
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investnient in Indonesia can be described as follows:

1. World Oil Frice: Revenues frorn oil and gas constitute about 50% of total buclget

allocatecl for sectoral clevelopuent in lndonesia. Therefore) any fluctuations of worlcl oil price

will signific.antiy affect budget availability level. There have been a number of preclic.tions of

world oil prices by rnajor oil cornpanies (Worid Energy Outiook, Bxxon 1980) and goveÌn-

rnent agencies (International Energy Outlook 1985 with Projection to 1995, Unitecl States

Department of Energy, i986). However, in today's world, oil market econornics ancl poLitics

are interwoven with political decisions increasingly influencing the level of oil production,

consunrption, ancl prices (Gholarnnezhad, TSBT). This macïo factor is therefore divided into

several sub- factors. The followin¡ç sub-factors, assurned to affect the price of oil over the

next decades, as extracted frorn Gholarnnezhad (1987), consist of the following elernents:

a) World Oil-Consurnlttion Increase:

At present, the United States, Japan, and Europe account for about 75% of the total

world oil consumption. No substantiaì increase in demand is anticipated for these countries.

llowever, in the developing countries, particularly the oil-exporting countries, the demand for

oil is expectecl to increase significantly due to industrialization and development. The overail

oil consurnption increase depends greatly on the co-operative and unilateral strategies of the

oil-consuming nations.

b) Intensity of the Deuelopment of Alternatiue Fuels:

A substantial arnount ofoil could be replaced by synthethic fuels frorn large coal, oil shale,

tar sands reserves? and biornass lesources. However, due to the long lead times required for

such development (about 6 to 10 years), the large capital requireuents, ancl environmental

constraints, such fuels are not expected to make a significant contribution during the next

dec.acle. Howevet, in the 2000s synthetic fuels could play an important role in the worlcl

energy rnarket.

c) Irffiuence of Interr-tational Fi,nøncial Insti,tut'iotzs:

Most of the excess oil revenues are circulated around the world by these institutions. If
these excess funds were circulated properly, they would provide rnore incentive to a special

group of oil producers to increase oil supply beyond their dornestic financial needs. The

resulting pressure to raise the price of oil would not then be as great as it would if the surplus
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lnoney was invested in non-plofitable ways, leading to a general depreciation in the value of

the funds (Gholamnezhad, lgBZ).

d) Poli,tical Factors:

The politicai factors considered in this rnoclel are as follows: i) OPEC Pricing Behauiour.

OPÐC rnanagecl well for its niembels in the 1970's. Increased raclicalization in mernber na-

tions could however force prices upward. Moderate mernbers have haci a clarnping effec.t on

price increases but in the long run they rray be outnumbered and gradually lose their in-

fluence. At this tirne it is thought that OPBC's behaviour will be increasingly unfavourable

towards stable ancl reasonable oil prices (Gholamnezhacl, 1987). ä) Instøbility in th,e Persian

Gulf Region: The Persian Gulf is surrounded by a nurnber of rnajor oil-exporting countries

such as Iran, Saudi Arabia, Iraq, Kuwait, Qatar, Bahrain and the Unitecl Arab Brnirates.

These countries are rnernbers of OPEC and together account for over 80% of its provecl oil

reseïves or nearly half of the world's total reserves. Over 30% of the world's oil supply colnes

frorn this region. The stability of the Persian Gulf itself depencls on sever.al other factors,

particularly the social strains due to economic developrnent, industrialization, unstable polit-

ic.al system, religious rnovetttent, and also tension between the inclividual states, as eviclencecl

by the war between Iraq and Kuwait recently. The region will continue to be of extrerne im-

portance in the future supply and prices of oil frorn the Middle East, particulariy the Persian

Gulf states.

2. Non-Oil Revenue: Revenue from non-oil sources such as exportecl agricultural

conrrnodities and various taxes contribute to about 25% of the total budget allocatecl for

development in Inclonesia. However, it is assumed in this dernonstration exarnple that the

future contribution from this revenue source will increase considerably.

3. Availability of External Funding: Over the last 15 years external funcls available

at international lending agencies such as the World Bank, the Asian Developrnent Bank, etc.

have been utilized as matching budgets to fulfill any shortages of internal funcling sources

such as Oil-Gas revenues and Non-Oil revenues. Such external funding constitutes aborit

25% of the total budget allocated for development. The future contribution frorn this source

is assurned to rerrain at the status quo.

These factors and their hierarchy, as shown in Figure 7.1, were usecl to clevelop the
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allocation (in monetary tenn) associated with the index Æ.

As clescribed in previous chapters, the second level optirnization is a rnultiobjective-

multicriteria technique. Three 'versions' of the Goal Programming basecl multiobjective

investment rnodel in this seconcl ievel optinisation were considered for this application. The

first version is IGP with its variant PIGP (Partitioning IGP) cleals only with the problem

of project selection relatecl to rnultiobjective issues and managerial concerns as describecl by

Expressions (6.a0)-(6.49) (see Chapter 6). Note that in this forrnulation the economic re-

turn (NPVB) goal constraint in Expression (6.a2) is expressecl in its "original" forrn without

consideration of uncertainty in NPVB. The second version is a CCIGP which extencls the

flrst version by considering sorne form of the risks inherent in the NPVB. in this case, the

NPVB goal constraint in Expression (6.42) is expressed in probabilistic terms and the other

components of the rnodel remain the sarne as the first version (IGP). The third version of

the rnodel is FCCIGP which extends the second version further by consiclering irnprecison

(fuzziness) of input clata, e.g., irnprecision of the ïange of buclget lirnits ancl the imprecise

qualitative preference for the confidence limits of the NPVB objective. In this case, the N-

PVB goal constraint of Expression (6.a2) and the budgetary constraint of Expression (6.ag)

ale expressed in'htzzy constraints as described in Expressions (6.59)-(6.61) taking into ac-

count the mernbership grade of the fiizzy cotnponents and the effect of constraint violations.

All three versions of the rnodel were ïun in this application to demonstrate how each feature

contributes to the values provided by the FCCIGP to the SDP.

The multiobjective-rnulticriteria analysis itself was performed by considering; three clif-

ferent goal preferences with respect to NPVB, IAD, TS, and two trade-off analyses between

NPVB versus IAD (Irrigation Area Developed), and TS (Transuigration Support) respec-

tively. Optirnization with respect to the individual selection criterion PPB, ERF ancl FRD

individually and to these three selection criteria sirnultaneously are also examinecl.

The SDP rnodel was coded in WATFOR IV and irnplernentecl on an AMDHAL with

each run requiring just under the twenty seconds to execute. To rnake the SDP rnoclel

Illore collìputationally efficient, the state reflecting level of development expressed in terrls of

hectares ofirrigatecl areas were discretized into 26 values for the first three stages (/¿=26 for

t:7,2,3) and into 31 values for stages 4 and 5 (Jr:97 for ú:4,5). The reclucecl nurnber of
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states at the first two stages reflect the smaller possible ranges of levels of development that

can exist after only three scheduling horizon have gone by.

The SDP model was run for each of the three scenarios of future buclget availability

(see Table 7.4) for a range of cases to take into account: i) the Ìange of possible schecluling

horizons, e.g., 1/? ( 5, 6, 7,8,9 and 10 yeaïs, ii) a range of values of the cliscount factors

a which reflect the likelihoocl of a potential interruption of a project, ancl iii) the valious

confidence limits on return (NPVB) B, representing the risk aversion attitucle of the DM.

The results of the SDP are the optirnai funding/investrnent decision DI,¿,,, e Nt,¿,,n, where

Nt,i,," is the index of set of nurnber of levels of possible funding decision at each stage ú for

each state combination of level of developrn ent Li and level of previous funcling P Fl" , for

t = 1,...,5:5; i: I,...,J, in which Jt:26 for ú: 1,2,3 and Jt:3I for ú:4,5; ancl

rn = I,..., NpF,,, (l/pR,, = b).

'7 "& llisc¡-rssior¡. of the Results

Presentation and discussion of the results of the integrated SDP-FCCIGP model for the range

situations described above is organized as follows: the flrst part adclresses charac.teristics

of the results of probabilistic analysis of I\PVB criterion; the second part cliscusses the

perforrnance of the FCCIGP rnodel in terrns of its ability to provide operational guiclance for

a public investment planning relative to the basic and interrnediate ICìP ancl CCIGP moclels,

and the third part describes specific characteristics of the integration of FCCIGP-SDP an{

the sumrnary of the results of the integrated rnodel for all stages within a 25 year long term

planning horizon.

7.3.L Frobabilistic ,A.nalysis of, NPVE

An example of the results of the probabilistic analysis for NPVB criterion for each candiclate

project for sc.heduling horizon (stage) 1 of the SDP model using the FOSM analysis ancl the

Lutz and Cowles (1971) approachin terrns of variance, standarcl deviation, ancl clispersion of

NPVB ct'iterion, i.e., tìean, uppeï) and lower lirnits are listed in Tabie 7.2. I The results of

this analysis for the potential projects iir stages 2,3,4) and 5 are given in Tables All,4.12,
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4.13, and 4.14 respectively.] These results show that there are significant'clisclepancies'

between the originai NPVB (BCEOM, 1989) and the "correctecl" NPVB. Such significant

'discrepancies' ate especially prevalent in unclerdeveloped areas offJava. In particular, alniost

ali of these projects have a 'negative' NPVB at their upper lirnit (95% of time exceecìecl) anrl

sorne still have negative NPVB even at their rnean level (55% ['rounrling up'of rnean between

rnaxirnum level 100% and rninirnurn level 5%lof the time the NPVB will be exceedeci). The

values of original NPVB are generally comparable only at the "lowel" limits with conficlence

level of only 5% of the tirne exceeclerl.

These prediction results rnay seem extreme. However they are based on the past perfor-

rnance of cornpletecl irrigation projects and have validity on that 'basis. 
Although practical

use of these predictions would require further detailed analysis, the nurnbers are sufficiently

realistic for use in this dernonstration of the model.

7.3.2 Ðisct¡.ssion of the lGF, CCIGF, and FCCÏGF Results

The irnportant features of each of the three versions of the goal prograrn formulatecl as

weighting ancl partitioning (for scoring criterion based optirnization) rnodels for cancliclate

projects in stage l are sumrnarized and shown in Table 7.5 and Tables 4.19 ancl 4.20 and

surnrnarized in Tables A.21, A.22, A.23, and A.24 for candidate projects in stages 2,3,4,
and 5 respectively. The following conclusions can be drawn from those results.

1-) Articulation of Goal and Criteria Freferences and Managerial Concerns

In terms of providing the operational guidances for the decision making process in in-

vestment planning of water resources projects all three rnodels perforrn sirniiariy. In terrns

of project selection with respect to goals and selection criteria preferences, as expectecl, they

are able to handle very efficiently both economic and non-econornic goals, e.g., rnaxirnizing

achievernent of NPVB goal vs. maximizing support for the transmigration prograrn. When

preference is given to the physical, environmental, and sociotechnical criteria relatecl to the

agricriltural production and rnarketing subsystems (PPE, ERF, ancl FRD), whether simul-

taneously (Case D) or incliviclually (Cases E, F, and G), all mocleÌs tencl to cliscrirninate

against the projects that have a higher cost although these projects might have higher. scoïe

in these criteria (see Table ,{.19 in the Appendix). This tendency occurs because the moclel
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Table 7.5: Comparison of The

of Possible Funding Allocation

Results of IGP, CCIGP and FCCIGP Model for

B?r1, When Preference is Given to NPVB

Level

PROPOSED PROJECÏS YEAR IN ìJHICH CONSTRUCÍION STARTED

I6P

HOOEL

CCI GP FCCIGP CCIGP FCCI6P

PROJECT
IIUI'I8ÉR & HA¡IE CON F I OENCE

HEAN LOSER

LII{IT

AREA
(ha) LEVELS cor¡FI0ENCE t*rtt tT?fiii t'f?iïi

UPPER MEA¡¡ LoUER UPPER s¡! -LIHIT LTHIT LIHIT no%tri 
,oorrr,

1 Krueng Baro ßTn 1st
2 Horth sunatra 41000 1st
3 Pasêñan 1926 Znd
4 Batang KumJ 13800 1sç
5 Lim¡n Sunskat 2500 4th
ó Komecing 55904 0

7 8aa 1 5500 lst
I Hay Abung 5000 0

9 uay Perdada 13550 1st
10 Atas 1t00 0

11 Hanjuto Kanan 10000 0

12 lel.uk Lada 18923 0

13 Jãtigede 130158 1st
14 Jrâtunsetuna 71537 lst
15 ounpi I 25115 1st
1ó Hadurê 2580 4th
17 East Java Rehab 12912 lst
18 Sanggau Ledo 555 4th
19 Kasau 5000 0
20 Riam Kênên 12000 0

21 Toraut Bongo 78?g 0

?? laopa 8000 0

23 KaLong 1200 0

21 soya 10000 0

25 San Rego 7500 0
26 HaHotobi Z1?0O 1st
27 Oataran Kobi 1950 0
28 tJirÉo Erang 1963 0

29 lrigasi Bati 31ZS 0

30 Erbung l¡TB 1520 0

31 Katimåntong 2850 1st
32 lcigasi tlTT 33ó0 0

33 En'bung NTg 8276 0

lst 1st
1sr 0

2rd ?nd
1 st lst
4th 4rh
0 lst
00

Znd 0
1st 0
00
00
00

1st 1 st

'l st lst
4th ?nd
lst 1stg 4rh
00
00
00
00
0 znd
00
00

1st 1s t
0 zrtd
00
00
00
00
00
00

lsr 1st
1st 0
Zrd zrxl
1st lst
4th 4th
0 1st
00

znd 0
1st 0
00
00
00

1st lst'lsr 1st
1st lst
4th 4rh
lst 1st
0 4th
00
00
00
00
0 Znd
00
00

1st lst
0 zrìd
00
00
00
00
00
00

0 lst 1st
lst00
1st znd znd
0 lst 1st

3rd 4th 3rd
000
000

zrìd Znd znd
1sr lst 1st
000
000

1st 0 1st'lst lst 1st
lst lst 1st
lsr 1st 1st
4rh 4th 4th
1st 1st 1st
0 4th 3rd
000
o00
000
000
00znd
000
000

lst 1st 1st
0 4th 4th
000
000
000
000
000
000

0
1st
'I st

0
3rd

0
0

¿rá
1st

0
0

lst
1st
lst
1st
/+th
1st

U

0
0
0
0

0
0

1st
0
0
0
0
0
0
0

PARAMEfERS
1 lrrisation Area (ha) 392811 115570 4156?9 101476 415570 r,156?9 101476 377075 397198

2 N.P.ü. of Benefit (s10^ó)1957.4 1590.5 2379.5 796-6 1590-5 2379-5 796-6 1489'7 1555'5

3 Ïransmigration Supporc 11500 1ó500 27500 ó5OO 1ó500 27500 ó500 13000 27500

(nt¡rËer of families)
4 Nl¡rËer Se(ected Projects 15 13 11 12 13 1t' 12

5 Totat Budget (s10^ói 922-99 923.87 923.77 920.13 923-87 923-77 920.13
ó Hedlership Grade of

11 16
832 æ5.21

Budgetary constrãints
7 HeÍÍl€rship Grade of

Confidence Limits
8 Degree of constraint

Viotation

1

0

0.085 0.083

0.915 t.917

0 -4213

0.5787

ANNUAL BUOGET ALLOCATIOH

Firs¡ Year (81)
Secord Year (82)
Third Year (83)
Fou¡th Year (84)
Fifth Year (85)

147.33 117.33 147.53 118-3 1t7.33 117.53
283-11 285.51 286-16 281.29 285.51 28ó.1ó
186-23 18r..82 185.ó4 187.38 18/..82 185.ó4
180.25 178.59 177.27 176.78 178.59 1n.27
126.07 1?7.6? 126-17 123.68 127.62 126.17

14S.3 131.61 142.1
281.29 251.96 271.95
ß7 3A 165.r,6 175

176-78 162.8ó 169.¿3
123.68 117.08 120-99

¡6¡5' m9¡E?'rr = REFLÉCTING 102 REDUC¡ ION FROII POSS¡ BLE FUtlDtl{G ALLOCAf IOH F?i
Bli -eoxali: REFLECTIHG ',107. TOLERAHCE IN1ER,VAL BELOH POSSISLE FUNOItIG AtLCiC.Afloll -B1i
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tries to minirnize unclerachievernent of the sum of the scores of incliviclual projects frorn the

targeted goal rathel selecting in hierarchial rnanner the indiviclual projects that have a high

scotes. If, however, it is clesired that the projects which have higher scoïes have to be selectecl

and satisfied at the rnaximum possible levels before the projects with lower score aÌe even

considered (scoling criterion based optimization), the uoclel can be refonnulatecl using the

rnodified Partitioning Algorithrn.

Observation of the solutions fol this Partitioning IGP (PIGP) for scoring criterion basecl

optirnization (for PPE, ERF, and FRD criteria) indicates that this forrnulation procluces a

better goal achievernent in ternls of NPVB, IAD and ahigher level of satisfaction of sejec.tion

criteria, even though the resulting portfolio covers a smaller nurnber of selected projects than

that seiectecl by the original IGP formulation (see Table A.1g).

Recall that when the sarne priority is given to two goals, for exarnple NPVB ancl IAI)
(Case H) and NPVB and TS (Case I), it is not possible to optimize onegoal before the other

and hence only the weighting rnodel can be used. A set of weights that minimizes the clistance

between each solution and its ideal solution is therefore used to satisfy achievernents of the

two goals siuultaneously.

Exarnination of the goal achievements and the projects selected for the five levels of

possible funding allocation BT] to BTf for the weighting moclel (Table 4.20) allows the

following characteristics to be observed. For the decisions to anticipate lower levels of funcling

allocation, the moclel tends to select those projects with lower costs to fit the anticipatecl

available budget. The goal achievements for NPVB and IAD decrease in these cases. The

TS goal, on the other hand is not affecteci because it is satisfiecl at the lowest levei of Bfl
(for Ã, = 5).

With respect to the managerial concerns related to the optimal project schecluling, project

unity, project clependencies, and optirnal annual budget allocation, all of the three moclels

effectiveÌy perforrn in the sirnilal rnanner (see Tables 7.5,4.19, ancl 4.20).

Sirnilar conclusions with respect to rnultiobjective-multicriteria analysis, scoring criterion

based optirnization, and managerial concerns can be drawn from the other stages of the SDp.

The summary of the results of the FCCIGP model for the whole lange of levels of possible

fundirig allocation BT! (for k : 1,...,5) ancl t : 2,..,5 are shown in Tables A.27, A.22, A.2J,
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and A.24 respectively.

2) Means for Handling Risk Freferences

The CCICìP and FCCIGP rnodels are able to incorporate preference towarcls risk in

investrnent outcome using the probabilìstic inforrnation of the NPVB criterion for each project

(See Table 7.2 for stage 1 and Tables 4.11, 4.12, 4.13, ancl 4.14 for stages 2) 3,4) ancl 5

respectively). In both rnoclels, preferences toward risk are reflectecl in the various levels of

confidence limit on the NPVB criterion. In this case, the CCIGP and FCCIGP moclels were

run for the three predeterrninecl levels of confidence limits, i.e., upper (95% of the tirne the

NPVB will be exceeded), rnean (50% [mean between the upper level 95% and the lower level

5%l of the tirne the NPVB will be exceeded), and lower (5% of the time the NPVIJ will be

exceecled). The results of each these three cases of confidence levels are shown in Table 7.5

for stage 1 of the SDP model.

Observation of the results in Table 7.5 indicates, not unexpectedly, that the CCIGP

and FCCIGP models are enable to screen the more 'reliable' projects (the projects that

have srnaller variances) and to eliminate the 'risky' projects (the projects that have largel

variances). At the upper level of confidence limit (95% of the tirne the NPVB of the selectecl

projects will be exceeded), both rnodels select fewer projects and hence yielcl the srnallest

but the most reliable econornic return. On the other hand, when both rnodels were run at

lower level of confidence liniit (only 5% of the time the NPVB of selected project will be

exceeded), they tencled to select the largest nurnber of projects ancl hence the largest, but

the least reliable economic return.

A comprornise result is obtained when both rnodels were run at rnean level of confidence

limii (55% of the time the NPVB of the selected projects wili be exceedecl). In this case, the

models not unexpectedly tend to select a rnediurn number of projects and hence yieicl the

mediurn econornic return with a reasonable reliability. It can also be seen that the results of

the IGP model are comparable to (almost the sarne as) the results of the CCIGP ancl the

FCCIGP at the upper limit of the confidence level. More detailed descriptions about issues

related to risk preferences are given in the next subsection.

Similar conclusion with respect to handüng risk preferences can also be drawn for the

otlrer stages. The sulnlna'y of the results for BT! for k : 1,..., b, ancl f : 2,...rs ar.e shown

226



in Tables A.2I, A.22,4.23, and 4.24 respectively.

3) Means for Handling Imprecision of Input Data

Although both CCIGP and FCjCIC;P provide a rneans of hanclling probabilistic. infomra-

tion and risk preferences for a 'risky' variable, only the FCjCjIGP moclel has the ability to
handle the irnprecision (fuzziness) of input data through introcluction of a membership grade

for a fuzzy variable (À) and a variable which rneasures the clegree of violation of a constrain-

t. Exarnination of the results of the CCIGP and the FCCIGP in Table 7.5 reveals that,

in terms of project selection and schecluling, the number of selected projects, the goal ancl

criteria achievement, and the optirnal annual budget allocation both rnoclels yield the sarne

soiutions. However, the FCCIGP provides additional inforrnation on the following issues:

i) Meøns for h,andli,ng imprecise quølitatiue preference towarcJ, rislc

As described in Chapter 6, there is a 'one-to-one'relationship between mernbership gracle

of the confidence limit on NPVB and the levels of confidence limit on NPVB (see Table 6.7 ancl

Figure 6.7). Therefore, any preferred level of confldence limit can be representecl in a speciflecl

value of membership grade. Recall also that any preference towarcl any uncertainty inherent

in public decision naking is ideally deterrnined by a group of DM's/assessols (Major, I1TT).

However, it is difficult to obtain a precise and consistent preference (Yager, 1g7g). Therefore,

to reduce irnprecision and inconsistency inherent in the preference towarcl conficlence limit

on NPVB in this FCCIGP, a cornbination of the AHP and Frzzy Set theory (rnernbership

grade) is used to elicit preference (subjective inputs) frorn a group of DM's/assessols.

In this case, the rnembership grade for each level of critical confidence limit on the NPVB

criterion is interpreted as the degree of preference of the assessors/DM's to the associatecl

confidence level expressed as a value between 0 to 1. For exarnple, the rnernbership gracle

of the lower confidence ümit (À¿,-", : 0.085) represents the lowest preferences for that

confidence lirnit. Similarly, Àn""o,,: 1 and 
^u7rr",: 

0.083 represent the highest alcl the lowest

preferences for the rnean and upper level of confidence lirnit respectively. Introcluction of the

variable u' tneasuring the degree of violation of constraint with respect to its tolerance interval

also provides complernentary inforrnation that can be interpreted as the level of clissatisfaction

of the assessor/DM with the associated conficlence limit. For example, 1)rouer - 1- Àro-., =
0.915 represents the highest dissatisfaction for the lower confidence limit. SirnilarTy, t),,,"o,, =
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0, and Dupper: 0.917 represent the lowest and the highest dissatisfactions for the lnean anci

uppeï levels of the c.onfidence limit respectively.

ii) Mearzs for ltarzdlirzg inprecise budget limit leuels

In this case, the rnernbership grade of the binding budgetary constraint represents 'the
grade of rnembership' of the budget limit within the specifiecl tolerance interval. To achieve

such purpose, rnembetship grades of budgetary constraints ancl goal constraints are relatecl

to each other (see mathematic.al formulation in Chapter 6). This feature is particularly

useful for the situation when the DM is not able to specify precisely the buclget limit, but

is rather onlv able to provide lower or upper bounds, with a prespecifrecl tolerance interval

above or below these bounds taken as representing imprecision in setting of such bounds.

For example, in situation in which the DM anticipates a budget reduction in between 0%

to 70% from the planned level (Bff), in this case, for the'crisp'forrnulation (CCIGP) the

uppel' bound of budget limit is 90%BTt1. On the other hand, for the FCCIGP forrnulation

the upper bound of budget limit is B?/ with the tolerance interval of I0%BT} below this

upper bound. Solutions of the CCIGP for a budget reduction of l0%BT| and the FCCIGP

for budget tolerance interval I\%Bf] for Case A (preference given to I'IPVB goal), as shown

in Table 7.5, indicate that the FCCIGP forrnulation produces a 4.40% better achievement

of NPVB goal than the CCIGP. The reason for this improvement is due to the flexibiiity of

firuzy set theory which permits an elernent to belong partly to a fuzzy set characterizecl by

a rnembership function that takes values in the interval [0,1]. Thus FCCIGP procluces an

optirnum solution within a specified interval, e.g., within a lower and an upper bouncl of the

binding constraints. In contrast by its nature, a conventional (crisp) set theory constraint

only pennits an elernent either to belong (rnernbership gracte 1) or not to belong (rnernbership

grade 0) to the set. In this exarnple case shown in Table 7.5, À = 0.42 can be interpretecl as

tlre degree of the support of budgetary c.onstraint to the solution ar'da6u¿n"1 :0.b8 represents

the degree of actual constraint violation with respect to its tolerance interval.

7.3.3 rrnportant Features of ccrGP and FCCTGP Models

1. Identification of 'Risky' Projects

Further exarnination of the results of the CCIGP and FCCIGP rnodels where preference
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is given to NPVB goal for: i) the three c.onfidence limits on I.{PVB with the associatecì

rnernbership grade, and ii) the live levels of possible funding allocation BT| to B?r5 (these

results are shown in Table 4.20 and represented graphically in Figures 7.2 and 7.3), ancl

Tables A.27, A.22,4.23, and A.24for BT| to BTf for t :2,..., b (without graphical clisplay)

reveals the followings c.haracteristics:

a) Identi,ficatiorz of 'r,isky' ytrojects 'in terms of economic return.

As shown in Figure 7.2, the rnaxirnurn achievement of NPVB goal only can be achieved at

the lower confidence limits (only 5% of the tirne the NPVB of the selected projects exceecl

such rnaxirnurn level). On the contrary rnaximizing the confidence lirnit at arouncl g5%

decreases the achievement of NPVB and TS (Transmigration Support) goal by 67% and 6I%

respectively although there is no significant reduction of the achievernent of IAD (Irrigation

Area Developed) goal. It should be noted, at the upper limit (95% of the time the benefit is

exceeded) the rnodel tends to select only the projects that have positive NPVB ancl smaller

variance. These projects are also characterized by being mostly locatecl in clevelopecl regions.

However, at the lower limit, the nlodel tends to select rnore projects than at the rnean ancl

the upper 1imit, ancl includes more "risky" projects, i.e., those projects that have a largel

variance in NPVB. Such projects are characterized by the fact that they are rnostly locateci

on less developed regions in support of regional deveÌopment and transrnigration pïograrn.

Sirnilar tendencies with respect to the ability to handle 'risky'pro.jects in terns of econorn-

ic return ale also observed for the other levels of possible funding allocation (BT'I to BTf).

ancl for the other stages, i.e, BT| to BTf for f = 2,...,5 as shown in Tables A.2r, A.22, A.2J,

and A'24 respectively. The above discussion illustrates the aclvantages of applying the chance

constraints formulation in that additionat inforrnation with respect to the dispersion of ttre

economic return clefined in the NPVB criterion is provided.

b) Identificati,ott, of 'risky' projects ir¿ terms of social factors.

As shown by the results of CCIGP ancl FCCIGP rnodels in Tables A.2b ancl 4.26, the ap-

plic.ation of the sociotechnical selection criteria of Equations (6.a4)-(6.46) ancl the scoring

criterion-basecl optirnization proceclure enables the DM/planner, through the moclel, to se-

lect those projects that satisfy sociotechnical criteria such as the reacliness of the farrner to

utilize the completed irrigation schernes without significant reduction in the achievernent of
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NPVB goal.

A similar conclusion with respect to the ability to handle 'risky' projects in terms of social

factors is also oberved for other stages,.i.e., BT| to BTf for ú = 2,...,5 as shown implicitly

in Tables A.2I, A.22, A.23 and A,.24.

This ability is useful in attempting to reduce (minimize) the excessive delays in the

full utiüzation of the completed schemes experienced previously due to lack of considera-

tion of sociotechnical and political aspects inherent in the agricultural production and mar-

keting subsystems in the traditional Benefit-Cost procedure. It also helps in adjusting for

over/underestimation of benefit/cost components in order to determine the "true" Benefit-

Cost parameters.

2) Trade-off Analysis Between Risk vs. GoaI Achievements

The trade-offs between: 1) rnaximizing NPVB vs. maximizing the Confidence Limit on

NPVB vs. maximizing IAD, and 2) maximizing NPVB vs. rnaximizing the confidence limit
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on NPVB vs. maximizing Transmigration Support (TS) for the five levels of possible funcling

allocation BT] to BTf can be seen in Figures 7.2 and 7.3 respectively. The relative frequency

of the optirnal funding decision for each of the possible funcling clecision options associatecl

with those levels of possible funding allocation, i.e., D! through Df for stage 1 ancl for

each case of the three scenarios of future budget availability, i.e., Lirnitecl Non-limitecl, ancl

Undetennined Budget is also shown in these two figures. These figures show that the higher

the level of funding decision the steeper the slope of the trade of line between NpVB ancl

confidence lirnit. At the funding allocation B?r1, increasing the reliability of NPVB by I0%

lecluces the achievernent of NPVB by 17.78%. On the other hancl, at level B?r5 increasing

tlre reliability by 70% only reduces the attainrnent of NPVB by ILIT%. Furtherrnore, it can

be seen that increasing the reliability (confidence limit) will also clecrease the achievement of

the other objectives such as IAD, TS ancl FRD (Fanner Reacliness to expioit new irrigation

facilities). Comprouise solutions can be achieved at the reliability level of 50% (mean) that

is, imploving the confidence lirnit by a5% without excessive recluction in the achievernent of

NPVB, IAD, TS, and FRD.

Similar trade-offs to those discussed above but for the situation when preference is given

to Irrigation Area Developed (IAD) and Transrnigration Support (TS) goals are presenteci

in Table 4.25 and in Figures 7.4 ancl 7.5, respectiveÌy. When pleference is given to the IAD

goal, the choice of the confidence limit on NPVB criterion does not have any irnpact on

the achivernent of IAD (see Table 4.25 and Figure 7.a). On the other hanci, the variation

in the level of the possible funding allocation options BT| to B?r5 significantly affects the

achievernents of IAD (see Figure 7 .4). A sirnilar finding also occurs when preference is given to

the TS goal. In this case, the choice of tlie conlìdence limit on NPVB as well as the variation

of level of the possible funding decision options do not have any irnpact at achievement of

the TS goal (see Figure 7.5) as the TS goal is already achievecl at the lowest possibÌe funcling

allocation (BTf).

As mentioned previously, when the sarne preference is given to two goals sirnultaneously

(see Table ,{.26 and Figures 7.6 and 7.7),for example between NPVB-IAD (Case H), NPVB-

TS (Case I), and NPVB-FRD (Case J) it is not possible to optimize one goal before the

other and hence only the weighting rnodel can be used. A set of weights that rninirnizes the
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Figure 7.6: Trade-off Between NPVB Vs. IAD for the Three Critical Levels of Confi-

dence Limit of NPVB When Preference is Given to Both Objectives

distance between each solution and the ideal solution is therefore use<l. In this procedure,

each solution is calibrated with respect to the ideal solution and an interactive process with

the DM is irnplemented to check his/her satisfaction relative to the ideal solution. The

results shown in Table 4.26 and Figure 7.6 (for NPVB-IAD) and Figure 7.7 (for NPVB-

TS) indicate that the maximum possible goal achievement for the IAD and TS goals can

be achieved without signifrcant reduction in the achievement of the NPVB goai for all three

levels of confidence limit on NPVB.

Similar characteristics of trade-offs betrveen NPVB vs. confldence limit on NPVB vs.

LAD and vs. TS for a range of BT| to BTf for the other stages of the SDP (f = 2¡..¡5) can

be generated using the results shown in Tables Ã.27, A.22, 4.23, and 4.24 respectively.

3) Important Features of Euzzy Formulation (FCCIGP)

Thefuzzy formulation expressed by Bxpressions (6.58)-(6.65) (see Chapter 6) in handling

the probiem of imprecision of input data inherent in NPVB parameters on the FCCIGP

rnodei can be applied in two versions: i) imprecision of input data inherent in specification
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Limit of NPVB When Preference is Given to Both Objectives

of the NPVB target goal at aprespecified confidence limit and the setting of budget limit, ii)

irnprecision of qualitative datainherent in preference towards the conf.dence limit on NPVB.

The more detailed discussions related to these version are given below.

i) Imprecision on the NPVB target goal and the setting of budget limit.

In this case, the grade of membership of the budgetary constraint and the NPVB goal

represent the degree of the support for the model solutions. The FCCIGP (see Expressions

(6.58)-(6.65)) model s/as run for each specified value of À (0 I À < 1), the lower bound of

the NPVB and other goals, and the budget limit (funding aüocation) with their associated

tolerances, to observe the implications of the relationships between these parameters in the

project portfolios.

A surnmary of the project selection by the FCCIGP modei for the funding allocation

in the range of BT| to 90%BT] (with tolerance interval L0% BTl) for a mean confidence

level at stage 1 is given in Table 7.6 and Figures 7.8 and 7.9. Observing the solutions of

the FCCIGP for various membership grades of budgetary constraints and varying values of

î
o
J
Jã 2030
F
Ê
U

f; rsso
Lo
U

I roso
Þ
uE 530frÈ
ts
U

30
10

235



the lower bounds of NPVII target goal and under a specilied budget intervals (I0%BT]) as

shown in Tabie 7.6 and Figures 7.8 and 7.9, the following conclusions can be clrawn. The

greater the gracle of urembership, i.e., the largel the support for the solution, the srnaller the

goal achievement but with tlie irnplication of ahigher degree of certainty. On the other hancl,

the smallel'the rrembership grade, i.e., the srnaller the support for the solution, the larger

the goal achievernent but with the irnplication of a lower degree of certainty.

Note that in this forrnulation the rnernbership grade À is used to express the clegree of

certainty of the solution with respect to the associated fizzy pararneter(s) (Zirnrnermann,

1988). In this exarnple of the rnodel application, the levels of possibie funcling allocation

B?f plannecl for each stage of the SDP ancl the target setting of NPVB goal constraint are

deflned asfuzzy pararneters, wherein, the closer the membership gracle to unity the higher the

degree of certainty. Conversely the closer À is to zero the lower the degree of certainty. It can

therefore be concluded that the FCCIGP model does not just provide "another crisp" solution;

instead it produces an optirnurn solution together with the degree of certainty/support of the

systern to that solution within a prespecified tolerance interval of a binding constraint.

In this application of the model, the relationship between goal achievernents and the

choices of rnernbership grade and the setting of lowerbound of NPVB target goal and buclget

lirnit c.onstraints are examined for a range of possible values of rnembership grade between 0

and 1. Such exarnination is required in orcler to provide the DM with sufficient information

on the irnplication of the choice of mernbership grade prior to the final choice deterrninecl by

the DM. Variations of the goal achievement, and hence variations in the support of the system

for the solution, can be obtained by varying the value of membership gracle ancl the value of

the lower bound of NPVB target goal and of binding budgetary constraint (see Table 7.6).

Depending on the choice made by the DM, rnembership grade can be set to 1 which inclicates

a ilraxirnum attainable support to this solution but yields a minirnum goal achievement.

Observation of the relationship between: (i) rnernbership grade and NPVB achievement

(shown in Figure 7.8-1), (ii) uembership grade of binding ancl non-bincling constraints with

tolerance level (shown in Figure 7.8-2), and (iii) NPVB and IAD achievernent with tolerance

level (shown in Figure 7.8-3), indicates that the changes in the tolerance interval of fiizzy

constraint alters the attainrnent of membership grade and goal achievement only slightly. In
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this case, the most influential factor affecting the achievement of a membership gracle is the

setting of the value of the lower bound of the fuzzy constraint (see Table 7.6 ancl Figure

7.8- i ).

ii) Imprecision of preference toward conficlence lirnit on the NPVIJ criterion.

Recall that the mernbership grade for various level of conf,clence lirnit on NpVB are assessed

by a group of DM's/assessors through a collective opinion technique, i.e., the Analytic Hier-

archy Process (AHP).In this approach, it is pianned that, prior to such assessrnents, the DMs

are inforrred with relevant information related to the implication of any choice of conliclence

limit levels (see Table 6.6). [In this exarnple application for moclel clemonstration, the writer

actecl as a DM to make assesstnents on the choice of membership values of conficlence lirnits.]

The FCCICìP model is therefore run a number of times for the specifiecl values of mernbership

grade of confidence limit on NPVB between 0 and 1, shown Table 6.7 to obtain the vajues

of all decision variables in the rnodel forrnulation such as goal achievernent, project portfolio

and scheclule, cle¡çree of constraints violation, optirnal annual buclget allocation, etc.

The cornparison of the results of CCIGP (crisp) and FCCIGP shown in Table 7.7 and

Figures 7.9 and 6.8 (Chapter 6) indicates the following features: i) both rnodels (CCIGP anct

FCCIGP) are able to identify the presence of a'risky'project relative to the'reLiable'one ancl

to provide a rneans to avoid seiection of those risky projects, ii) the FCCIGP moclel is able

to explicitlv hanclle the problern of imprecision in qualitative preference of conficlence lirnits

for NPVB criterion, i.e., the effects of such choice can be explicitly evaiuatecl as in Figure

7.9 which shows the relationship between the NPVB attainrnent ancl the rnernbership gracle

of the confidence limit for NPVB, and iii) the results of the FCCIGP enable membership

grade as well as the degree of violation of NPVB constraint to be easily observecl ancl their

implìcations on the model solutions explicitly evaluated.

In addition to the features clescribed above, the forrnulation of the rnoclel in the Fuzzy

Set theory enables the rnembership grade to be used effectively to represent tlie level of the

support for solutions in hierarchiai rnanner when the modified partitioning algorithrn is usecl

to screen the projects based on the sociotechnical selection criteria pleferences (Case G),e.g.,

the projects that are categorized in the First Priority have higher rnernbership gracle than

the projects in the Second Priority, etc. (see Figure 7.10).
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Table 7.6: Projects Selected by FCCIGP Under Various Membership Grade of NPVB

Goal for the Possible Funding Allocation BT| ard Mean Confidence Limii on NPVB

Proposed Projects YEAR IN I.IHICH CONSTRUCÎIOI¡ STARTED

Project
Ht¡Tô€r & Nâm€

Acea
(ha)

HEH8ERSHIP GRAOE OF SUOGET ANO GOALS COHSTRAIHTS

0.913 0.856 0.800 0.753 0,ó47 0.538 0.121 0,30U 0.217 0.123

1 Krueng Baco
2 ¡¡o.th Srinatra
3 Pasaman
4 Batang Ktjru
5 Lim¡n sungkát
ó Konrering
7 BaaL
I 9êy Abung
9 Hay Perdada
10 ALas
11 lilan juto Kanan
12 ÏeLuk Lada
13 Jatigede
l/+ JratJnsetuna
15 Durpi L

1ó Hadura
17 East Java Rehab
18 Sanggau Ledo
19 Kãseu
20 Riam Kanan
¿1 Toraut Bongo
22 Taopa
23 Katong
21 Eoya
25 San Rego
2ó uarotobi
27 Datacan Kobi
28 lJirbo E¡ang
29 Irisêsi saLi
30 Eíbung NTB

31 Katirnantong
32 lrigasi HTT

33 Enbung NTB

1677?
41 000

1926
13800
2500

55904
5500
5000

1 3550
t 100

1 0000
18923

1301 58
71537
25115

2580
12912

555
5000

1 2000
7820
8000
1 200

1 0000
7500

21?00
1950
1963
3125
1 5¿0
2850
33ó0
8276

1st 1st
00

zt:d ?tÅ
lst lst
4th /'th
00
00
0 2rd

lst 1st
00
00

lst 1st
lst 1st
lst 1st
1st lst
4rh 4th
1st 1st
1st 0
00
00
00
00

4th 0
00
00

lst 1 st
00
00
00
00
0 'o
00
00

lst
0
0

lst
4th

0
0
0

1st
0
0

1st
1st
1st
1st
4rh
1st

0
0
0
0
0
0

0
0

lst
U

0
0
0
0
0
0

0
0

2nd
1st
4rh

0
0

¿nd
1st
0
0

1st
lst
1st
1st
4th
'lst
4th

0
0
0
0
0
0
0

1st
0
0
0
0
0
0
0

1st
0

Znd
lst
/. th

0
0

2nd
lsr

0
0
0

1st
1st
1st
/.th
1st
4th

0
0
0

0
0
0
0

1st
4th

0
0
0
0
0
0

1st
0

2tÀ
1st
4rh

0
0
0
0
0
0

lst
lst
lst
1st
4rh
lst
4th

0
0
0
0

4th
0
0

1st
4th

0
0
0
0
0
0

1st
0

Zrd
1st
4th

0
0

1st
0
0
0

1st
1st
1st
1st
4rh
1st

0
0
0
0
0

4th
0
0

lst
0
0
0
0
0
0
0

lst lst 1st 1st
0000

zrxj ztd znd znd
1st 1st 1st 1st
lst 4th 4rh lsr
0000
0000

2nd 2¡É 2tú Znd
lst 1st lst 1st
0000
0000

1st lst 1st 1st
'lst lst 1st 1 st
1st 1st 'lst 1st
1st lst 1st 1st
4th 4rh 4rh 4rh
1st lst 1st lst
4th 4th 4rh 4th
0000
0000
0000
0 1st 0 0

4th 3rd 0 3rd
0 0 1st 1st
0000

1st lst 1st lst
/+th 4th 0 znd
0000
03rd00
0000
0000
0000
0000

PÁRAI.IETERS GOAL ATTAINHEI,IT

1 lrrisation Area (ha) 377075 376698 377276 381113 3835ó7 3890/.8 393193 397198 t00623 401018 107198
2 N.p.v. of Benefir (s10^ó)1489.7 1¿198.7 1500.6 1510.9 1520 1538 1550.6 1555.5 1564.ó 15éÉ.2 1571-1
3 Transmigration support 13000 14500 9000 14500 14500 14500 1¿.500 15000 15000 1ó500 17500

(nrn6er of famìties)
/r llr¡nber Setected Projects 14 11, 13

5 Totat Budget (s10^ó) 832 839.97 845.2
6 Lolren Eound of NPVB ó50 750 800

(s1 0^ó)

'r3 11 14 13 1ó 18 15 17 -
850.4 854.7ó 861.41 871.18 æ5.24 896.21 901.03 91?.68

850 900 1000 1100 '1200 1300 1370 1450

ANHUAL BUDGET ALLOCÁTTOI¡

First Year (81)
Second Year (BZ)
Third Year (83)
Fourth Year (84)
Fífth Year (85)

131 .ó4 134.85 131.36 131.85 139.25 139.25 139.25 112.1 139.?6 1t3-71 115.8
254.96 259.29 260-67 261.97 265.75 267.68 ¿70 271.95 269.95 280.21 283.53
165.46 16ó.12 1ó9.0ó 1ó9.ó8 1æ.97 171 .75 175 175 180.óó 180.4 184.25
16¿.86 16?.58 fó3.S7 1ó5.38 163.47 1ffi,13 169.23 ',l,71 -4 178.75 171.69 171-13
117.08 116.8/i 117.22 118-53 117.32 119.31 120.99 124.78 127.58 124.97 124-97

HOTE:erl . soc^BTl= REFLECTIIIG 102 TOLERAHCE THTERVAL BELoH PoSSIELE FUHOIHG ALLoCATIoH ETtt
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Tabie 7.7: Projects Selected by FCCIGP Under Various Membership Grades of Confi.-

dence Limits on NPVB and 'Crisp' CCIGP Under Various Confidence Limits oa NPVB

for the Possible of Funding Allocaiion Bfi

Proposed Projects YÉAR I¡¡ IJIIICH CONSTRUCTION STARIED

Proj ect
Nurber & Name

Area 952 EXCEEDED
(ha)

FUZZY CR¡SP

CONFIDENCE LIHIT LEVELS
752 EXCEEDED 55ã EXCEEDED 3OZ EXCEEOED 5N EXCEEDED

TUZZY CRISP FUZZY CRISP TUZZY CRISP FUZZY CRISP

1 Krueng garo 1677?. 0
2 North Sunatna 41000 lst
3 Pasaman 4926 1st
4 Batang Kuîu 13800 0
5 L irun sungkat ¿500 3rd
ó Komering 55904 0
7 Eaat 5500 0
I IJay Abung 5000 Znd
I Uay Perdada 13550 1st
10 ALas 1t0o 0
11 Hanjuto Kanan 10000 0
12 feLuk Lada 1892J lst
13 Jatigede 130158 lst
14 Jiatunsetuna 7t537 lst
15 Dmpi I 25115 1st
1ó I'tadura 2580 3rd
17 Eåst Java Rehab 12912 1st
18 sanggau Ledo 555 4th
19 Kasau 5000 0
20 Riam Kan¿n 12000 0

21 Toraut Eongo 78?0 0
?2 faoga 8000 0

23 Katong 1200 0
71 Boya 10000 0

25 san Rego 7500 0

26 tJaHotobi 21200 1st
27 Dataran Kobi 1950 0
28 Hif,rbo Erang 1963 0
29 lrigasi Bati 3t125 0
30 Enü:ung NfB 1520 0
31 Ka[ imantong 2850 0
32 lrigasí NTT 33ó0 0
33 Emb¡ns NTB 8276 0

0
1sr
2tÀ

0
3rd

0

0
2nd
'lst

0
0

lst
lst
1sr
1st
3rd
1st
4rh

0
0
0
0
0
0
0

lst
0
0
0
0
0.0
0

1st 1st
00

Znd Znd
1st lst
/.th 4th'lst 1st
00
00
00
00
00
00'lst 1st

1st 'fst
1st 1st
4rh 4rh
1sr 1st
¿|th 4lh
00
00
00
00

3rd 3rd
00
00

2tÀ znd
00
00
00
00
00
00

1st
1st
2rÅ
1st
4rh

0
0

¿rd
lst

0
0
0

1st
1st
'lst
4rh
1st

0
0
0
0
0
0
0
0

lst
0
0
0
0
0
0
0

1sr
1st
Zrd
1st
/,rh

0
0

2nd
lst

0
0
0

1st
1st
1st
4th
1st

0
0
0
0
0
0
0

0
1st

0
0
0
0
0
0
0

'lst lst
1st lst
Znd ?,t1d

4th 4th
00
00

Znd ?nd
1st ls¡
00
00
00

1s! 1st
1st 1st
1sr 1st
/rth 4th
1st lst
00
00
00
UU
00
00
00
00

lst 1st
00
00
00
00
00
00
00

1st 1st
0 lst

Znd Znd
1st 1st
4th 4th
1st 0
00
0 znd
0 1st
00
00
00

1st lst
1st 1st
1st 1st
4th 4th
lsr 1st
4rh 0
00
00
00
00

4th 0
00
00

1st 1st
4rh 0
00
00
00
00
00
00

PARAI'IETERS GOAL ATTAINIIE¡IT

1 lrrieatìon Area (ha) 101176 10U,76 415570 115570 415570 415570 115629 115570 115629 115629

2 H.p.v. of Benefit (s10^ó)792.85 79?-85 1272-9 1272.9 1590.4 1590.1 1828 1836.7 ?378.8 ¿378.8.

3 Transmigration Suppor! ó500 ó500 2ó000 2ó000 2ó000 2ó000 14500 26000 27500 27500
(núÈer of famities)

/+ Hunber Setected Projects
5 Iorat Eudget (s10^ó)
ó MmËership Gcade of

Confidence Limits
7 The Degree of vio[ãtion

the l{PVB ConstFaints

13 13 13 13 13 13 11 13 1t, 11

9ZO-13 920 9?3-87 923.87 923.87 9?3-87 922.18 923.87 9¿3.77 923.77

0.083

0.917

0.17 1-0.17-0.085

0.83 - 0 0.85 - 0.915

ANNUAL BUOGET ALLOCATION

First Year (81)
Secord Year (82)
Third Year (83)
Fourth Year (84)
Fífth Year (85)

148.3 118.3 147.53 117.53 1t7.33 147-33
284.29 284.29 243.49 283.19 285.51 285.51
187.38 187.38 181.8 181.8 184.8¿ 184.82
176.78 176.78 179.69 179.69 178-59 178-59
123.68 123.68 129.68 129.68 127.6? 127.6?

117.53 117.33 147.53 147.53
283.49 285.38 286.16 286.16

181.8 18/r.82 185'& 185.&
179.69 178-59 177.26 177.?6
129.68 127.75 126.17 1?6-17
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7 "3"4 Ðiscussion of F CCIGF-SÐtr R esutrts

Optimal Investment Planning Decision

To this point tlie discussion has focussecl on the project selection proceclure with r.espeçt

togoal and criteriapreferences, econornic return risk preference and imprecision of input claia
as well as rnanagerial concerns for each levei of possible funcling clecision Df in each schecluling

horizon (stage l) of the SDP moclei as providecl by the FCCIGP moclel by running it for each

value in the range of possible funcling allocations as proviclecl. However, in tire integratecl

model of FCCIGP-SDP moclel, the question of which level of possible funcling clecision is

'optirnal' with respect the associatecl probabilities of getting actual funcling relative to various

level of possible funding is handlecl by the SDP rnoclel. The transfomration probabilities
(p(Fl,o,^,))r for each of the buclget scenario cases 7 exarninecl in the SDp rnoclel are talcen

from the analysis in Chapter 5 ancl information on historical clata given in Tables 7.1 ancl

7.3. Those transforrnation llrobabilities are shown in Tables 4.1b, A.16, ancl A.17 in the
Appendix for the three scenarios of future briclget availability, 7: Lirnitecl, Non_lirnited,

and l]ndeterrninecl Budget respectively. The surnrnary of the inputs for the SDp r,- oclel

obtained by mnning the FCCIGP rnoclel a nurnber of times taking into account the possible

combinations of 5 levels of possible funcling clecisions Df ,0,,. ancl 5 levels of actual flncling
received F!,0,r,, with the associatecl cost escalation coefficient (see Section b.4) ancl for three

critical levels of confidence lirnits on NPVB with the associatecl mernbership gracle are given

in the Appendix. These inputs are shown in Tables A.27, A.28, A.2g for t = r, Jt=26; Tables

4.30,4.31, A.32 for f : 2, J¡)g; Tables A.3g, A.34, A.gS for l: J, J¡-)g;.Iables A.36,
4.37, A.3B for ú = 4, J¿:J!; Tables 4.39,4.40,4.41 for t:5, JI=JI,for the Mean, Upper,
and Lower Levels of confidence li'rit on the NpvB respectively.

The surnmary of the SDP results in terrrs of relative frequencies of the optirnal invest-
rnent/funding decisions with the associatecl inforrnation, i.e., goal achievernents ancl opti¡ral
project portfolios for ail stages f ancl the three scenarios of future buclget availability, ancl

for the mean conficlence lirnit on NPVB with the associatecl rnernbership gracle is shown in
Table 7'B' Sirnilar results for the upper ancl lower conficlence lirnits on NpVB are given in
Tables A'42 and 4.43 respectively in the Appenclix. The other SDP resuits in temrs of the
distribution of the optimal investment /funcling clecision with respect to the state cornbina-
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Table 7.8: Reiative Frequency of Optimal Funding Decision for Each Stage and Each

Case with Their Associated Goal Attainment for Mean Confidence Limit on NPVB

and Membership Grade of Confidence Limit on NPVB, ÀM"on: 1.0

PARAI'IETERS

GOAL ATTAIIIHÉNÍ

OPÏ¡¡IAL OECISIO¡¡
Fol. Hean Confidence Levet (552 exceeded)

REHARKS

DfDlDJtñ2Dt

SCHEDULING HORIZOH
+- 1
L- L

lrrigation Area (ha) 415570
H.P.V. Of Eenefit

(s l0^ó) 1590.18
Nmber of setected
projects 13
Total b{dget used

(s 10^ó) 9¿3.87

")
r) Hon optíßaI decision

RELATIVE FREOUENCY OF OPTI¡TAL
oEctst0H (z)

sccôrrio ¡: ol øl Di ÐÍ ors
1000000

sccô¡rio 2: oi o! of ol of
1000000

sccn¡rio 3: oi ol af Dî ol
1000000

SCHEDULI¡IC HORIZOH+-,
Irrigacion Area (ha) 202100
H.P.V. Of Benefit

(s 10^ó) 891.59
Hr-r$ber oí setected
projects Zq
Iotal budger used

(s 10^ó) 710.03

191t33 166133

8€0.ó1 855.21

¿3 20

681.81 578.35

1415ó5 107655

808.38 2J5.55

179

1Tt.85 368.8?

RELAÍIVE FREOUENCY OF OPTI¡IAL
oEcrst0¡{ (z)

sccorrio l: ol ol o)
o 2.30 t1.t5

Scc¡¿rio 2: ¿l ol ol
10000

Sccqsrio 3: OA P4 O]
0 0 1.Ê2

"2
{6.1 5

v2
0

n4

0

ñ5

ro1

^su2
0

n5u2
95.3E

SCHEDULING HORIZON

¿=.f
Irrigation A¡ea (ha) 248ó18
H.P.V.0f Benefit

(s 10^ó) 906.14
NtnËer of setected
projects 26
TotaL budget used

(s 10^ó) 911 -6¿

21&618 216968 177720

933.91 900.22 8?7.09

26 20 16

909.35 769.61 626

RELATIVE FREAUEHCY OF OPTIHAL
oEcls¡o¡¡ (z)

138190 5ç.o..¡o 1¡ o! o! oj Dt oj
0 0 ¡,53 95.40 3-07

786.73 scca¡¡io 2: oj o! aj oj ol
1000000

12 scËÂ¡ci6 3: o.l o! o$ o! oj
00026.1073.90

1A9.2

SCHEDULING HORIZOH
t- ÀL-+

Irrígation Area (ha) 2585ó5
N.P.V.0f genefit

(s 10^ó) 1?98.23
Huril€r of setected
projects ?1
fotaI bt¡dget used

(s 10^ó) 1060.44

235565 195093 158890

1233.89 1163.19 1098.7

19 17 16

932.83 785.17 616.32

RELATIVE FREOUEHCY OF OPÍIHAL
oEcrs¡oH (f)

1?9315 Þ-cc'¿rio r: Dl D1 ,i Dl
0 o 30.30 69.70

975-16 scco¡rio 2: ol øl ol øl
IOOOOO

11 sccnÀrio 3: ol ol ol ø!
0 0 97.' 2.60

500 - 91

n5-l
0

-t
0

nS

o

SCHEDULING HORIZOH
t- -

pro j ects
Total budgec used

(s 10^ó)

RELATIVE FREAUENCY OF OPTIHAL
OEC I STON

Irrìgation Area (ha) ?5?.103 230t73 191191 16t314 129116 sc.dårio r: ol o! a! ø! o!
H.P.V.Oí Eenefic o o 2a.1o zt-60 o(s 10^ó) 837.68 821.22 781.21 753-11 685-32 sccorrio2: ÐI o! o! o! o!
Hurb€r of setected ;: o o o o

23 25 18 17 1t scca¡rio 3: o! o! o! ørr of
ool6,EooE3-20

1157,78 1019.32 85t.83 699.63 550.76

SCEHARIO 2 = ¡{ON-LIHÍTED SUDGEI
ScEllARIo 3 - UHoETERHTHED 8U0C€T
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tion of ievel of cleveloprnent and level of previous funcling L'rr'" fot.all,t, i, tn,forthe Scenario

3 (llndeterrnined Budget), ancl for nean conliclence limit on NPVB criterion with the asso-

ciatecl membership gracle ale shown in Table 7.9, ancl Tables 4.44 ancl A.45 f'or the 
'pper

and lower conlidence lirnits on NPVB respectively. The sirniiar results occuring for Scenario

2 (the Non-limitecl Budget) ancl Scenario 1 (Lirnitecl Buclget), ancl for the mean, upper, ancl

lower conficlence lirnits on NPVB are shown in Tables A.46, A.47, A.4B; ancl Tables A.4g,
4.50, ,A.51 respectively.

BxaÎrination of optirnal investment funcling clecisions for: i) the three scenalios of blclget
availability i'e., Sc.enario 1(Lirnited Budget), Scenario 2 (Non-lirnitecl Buclget) ancl Scenario

3 (Undeter[rined Budget), ii) the three ]evels (mean, upper, ancl lower ) of conficlence li¡rits
on NPVB with the associatecl uernbership gracle, ancl iii) the 5 years schecluling horizon
(1{7 < 5 years) on each stage ú of the SDP rnoclel reveals the folowing characteristics.

The results for Scenario 1 (see Tables 4.49,4.50, ancl 4.51 ) show that for stage f = 1

the optimal investlnent decision selectecl is always funcling clecision level one (DT,¿,,rV i,, m)
for the lower and rnean level of conficlence limit ancl level t*o (D?,¿,,,rV i, m) for the uppe'
confidence lirnit. These two decisions are those associatecl with the first ancl seconcl highest
level funding clecision. on the other hancr, at the remaining stages (t = 2,..,5) ancr for
all of the three levels of confidence limits, the level of existing cleveloprnenr Li þtate i) has

signiflcant influence on the choice of optimal funcling investrnent. For exarnple, in stages ú = 2

and 3 and at the states associated wiih lower levels of existing clevelopuent (i = 2J,...,26),
the optirnal funding decisions selectecl consist of two of D?,;,rr, representing 5% of the total
optinral funding decisions selected at those stages, 27 of Dl,o,,r, representing68% of the total
optirnal funcling clecisions selected at those stages (t = 2,3) ancl states combination Ly,rl ancl

7I of Dl,n,,, representing2T% of the totai optimal funcling clecisions selectecl at those stages.

At nrecliurn levels of existing development (i = 7r,..,22) the rnajority of the optirnal funcling

decisions selected tends to be at the lower level; Dî,¿,r,is selectecl 118 times representin gga%
of the total funding decisions uod Dl,¿,,,,7 tirnes representin g 6% ofthe total optimal funcling
decisions. Similarly, at the states associatecl with higher levels of cleveloprnent (i: I,...,22)
the optirnal funcling clecisions selectecl consist of 53 choices of D!,¿,r, representing bJ% of a1J

funding clec'isions and 47 choices of Dl,;,," representin g a7% of all funrling clecisions. A rather
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rnoderate (less strong) influence is observecl at stages t =4 anrl.5. At the states associatecl

witlr lower levels of cleveloprnent (i:23,...,31) for all conficlence levels, D?,n,n is selectecl

700% of the tirr e. At the states associatecl with the higher ancl rnecliurn levels of existing

clevelopment (¿: I,'..,22),the optirnal funcling Drn,,,uris selectecl 104 tirnes representin gg5%

of ali clecision for mean and lower conficlence levels. However, a significant variation of the

optimal funding decision is again observecl for the upper confidence limit on NpVB at the

sarne stages (i:4,5), i'e., D1,0,," is selectecl 103 tirnes (53% of ali funrling clecisions), ancl

Dl,n,,, is selected 117 times (aT% of all funcling rlecisions).

Further exarnination of the results shown in Tables 4.4g, 4.50, ancl 4.51 for Mean,

Upper, and Lower conficlence limits on NPVB reveals that this conficlence lirnit only effects

the distribution of optimal funding decision slightly; the optirnal funcling clecisions for all

stages and states are ahnost sirnilar for the three confidenc.e limits, except for the highest

and rnedium states of the stage 5 at the Upper Conficlence Lirnit as clescribecl above. Sirnilarly

variation of level of previous funding, tn, only yields a minor variation in the clistribution of
the optirnal funding decisions at any stage and state. A srnall variation is observecÌ at the

higlrest (i = t,.'.,6) and lowest (i = 23,...,26) levels of existing cleveloprnent for the stages

I :2 and 3.

On the basis of this evidenc.e it rnay be concluclecl that, when the likelihoocl of obtaining

the high level of funding is low, as reflectecl in the transforrnation probabilities of Scenario

1 (Lirnitecl Buctget), rnost of the optimal funcling clecisions at any stage yielcl the clecision

involving the lower ievels of possible funding. It is apparent, sornewhat unexpecteclly, that

level of previous funding ancl level of c.onlicience limit on NPVB only have a uinor influence

on the distribution of optirnal funding decision uncler the scenario of Limitecl buclget. On the

other hancl, the level of cleveloprnent has a significant influence on such clistribution.

The resuits of Scenario 2 (Non-Lirnitecl Budget) (see Tables A.46, A.47, ancl A.48) show

that at the stage 1 the optirnal investment decision selectecl i, Dl,¡,rrY'i, rn. Sirnilar results

are obtained for the rernaining stages and for all conficlence lirnits on NPVB, ancl the opti¡ral
funding decisions selected are always Dl,o,*. These results inclicate that level of cleveloprnent,

level of previous funding, and confidence lirnit on NPVB clo not have any irnpact on the

optimal funcling clec.ision selec.tecl for the Non-limited Buclget sce¡ario.
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On the basis this result, it rnay be conciuded that, when the likelihoocl of obtaining a

high level of funding is high, as reflected in transforrnation probabilities of Scenario 2 (Non-

Limited Buclget), all of the optimal funding decision at any state anrl stage wilì always yielcl

the decision that involves the highest level of possible funding, narnely DI,r,,,, regarclless the

preference towarcl c.onfidence limit on NPVB.

The results for the Scenario 3 (Undetennined Budget) (see Tables 7.9, 
^.44,445) 

show

that at stage 1 the optirnal clec.ision selec.ted is Dl,¿,urY i, rn fol the mean ancl lower level of

conflclence limit on NPVB, ancl D'1,;,u,V'i, nt for ihe uppeï conficlence lirnit. A rnore variable

distribution is observed at the other stage s t : 2,..., 5. When NPVB is evaluatecl at the rnean

confidence Lirnit, for exarnple, D?,¿,, is selected 165 tirnes representing 28% of all clecisions,

Dî,¿,,, is selected 34 times representing 6%, and Dl,;,,,is selectecl 391 times representin g 66%

of all decisions (see Table 7.9). A sirnilar pattern is observed when NPVB is evaluatecl at

the lower confidence lirnit (see Table 4.45), except that in this case the rnajority of optirnal

funding decision tends to shift to ihe higher level, i.e., Dl,i,,,is selected 425 times (75% of alJ

decisions), Dî,¿,,, is selectecl 41 tirnes (7% of all decisions), ancl Dl,¿,u, is seiectecl 104 tirnes

(18% of all decisions). When NPVB is evaluatecl at the upper conflclence lirnit (see Table

A.44) the decisions D?,¿,u,, Drn,n,,n and Dl,t,u, are selectecl 10, 10, ancl 550 times respectively

representing 2Y0,2%, and 96% of all decisions respectively.

Further exarnination of the results shown in Tables 7.9, A.44, and 4.45 inclicates that

for Undeterrnined Budget scenario (Scenario 3), level of development (state) cloes not have

any impac.t on the clistribution of optirnal funding decision selectecl for the upper ancl lower

level of c.onfidence lirnits (see Tables A.44 and ,A..45). However, a significant irnpact can be

observed at stage f = 3 for the rnean confidence lirnit (see Table 7.9). It can also be seen that

variation in level of previous funding, rn, only yields a minor variation in the clistribution

of optimal funding selected with the variation occuring predominated in states i : 1,...,10

assoc.iatecl with higher levels of developrnent, at the stages t : 2 ancl 3 for the rnean ancl

lower confidence liurit.

On the basis of these results, it rray be concluded that, when the most likely available

funds are sornewhele in between the two extreures (rnaximum and minirnum ìevel), as reflec.tecl

in the transformation probabilities of Scenario 3 (Undeterrninecl Budget) nost of the optiual
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decisions at any stage will favour the decision involving the medium and lower levels of

possible funding, namely levels three through five. It should be noted, howevet, that level of

development and ievel of previous funding have a minor effect on the distribution of optimal

funding decision. On the other hand, preference toward confidence limit on NPVB has a

significant impact on the clistribution of optimal fund,ing clecision.

Examination of the relationship between the membership grade of the budgetary con-

straint fonnulated in the FCCIGP model (at the Lower Confidence limit on the NPVB crite-

rion) for ihe flve possible funciing decisions, Df,r,^ vs. the relative frequencies of the optimui

funding decisions for the three budget scenarios shown in Figure 7.11 indicates that under

the Undetermined Budget scenario the optimal decision is not associated with the highest

membership grade. Conversely, the possible funding decisions that are associated with the

highest membership grade are not an optimal funding decisions. Sirnilar observation can be

made for Limited Budget scenario. However, under the Non-lirnited Budget scenario, the

optimal planning decision is always associated with the highest membership grade. These

results are consistent with the situation in which budget availabilty 1evel is closely parallel

/-'
."tttt"'*"tt:

248



to the level of satisfaction.

To exarnine how good the optirnal investment policies proclucecl by the SDp rnoclel ¡sing
transforrnation probabiliiies pieneratecl from the combination of Subjective rroclel and Direct
Assessrnent rnethocl (see Tables 4.15,4.16, ancl ,{.17) relative to the,historical plannecl,

funding and the 'historical actual' funcling realisations extractecl frorn the information avail-

able in Table 7.1, the relative frequencies of the SDP's optimal funcling policy, for various level

of confidence lirnits on the NPVB criterion ancl the clistribution of the ,historical plannecl'

funcling decisions and the'historical ac.tual'funcling realization were plottecl in Figure 7.12.

Bxarnination of Figure 7.I2-I indicates that the SDP results uncler Scenario 1 (Lirnitecl

Budget) for all level of confidence lirnit on NPVB cover ahnost the same lange as the ïange

of levels of 'historical actual' funding realization. However there is a clifference in the peaks

of the sDP result and the 'historical actual' funcling. uncler a conclition of limitecl buclget

availability the SDP results suggest that the seconcl lowest level possible funrling Drn,o,n is the
most'optimal'/sriitable investment decision.

On the other hand, uncler the Non-Lirnitecl Buclget conclition (see Figure T.I2-2)the SDp

results suggest that the optirnal investtrent clecision is associatecl with the highest level of
possible funcling, i.u-, D|,¿,,, (level of funcling that satisfy fully projectecl clepancl). This
level of decision is coincident with the historical recorcl of levels of 'plannecl' funcling for
water resources projects in Indonesia over 17 years (see Table 2.1). However, in reality (as

shown in Table 7.1) such levels of plannecl funcling never been satisfiecl. There were always

cliscrepancies between planned and actual funcling receivecl (see Table 7.1). As previously

cited reflection of this situation is that many hunclrecls of on going water ïesources projects

have been rescheduled, postponed ancl sorne even have been cancellecl.

A rnore varying pattern optirnal investment clecisions with respect to the preferences

towarcl conficlenc.e lirnit on NPVB is observecl from the results of the SDp moclel uncler Un-

cleterrnined Burlget scenario (see Figure 7.I2-3). Alrnost all of the optirnal funcling clecisions

selected in this case are concentrated on the mecliurn level Di,;,,. for the lower conficlence

linrit, and on the lowest Tevel Dl,¿,u, for the rnean ancl uppeï confidence limits. These results

can be interpreted as indicating that, at the rnecliurn level of investrnent, the econornic return
of such investment can only be attainecl at lower conliclence limits. On the other hancl, at
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Figure 7.12: Comparison of Relative Frequency Between SDP Results vs. Histori-

cal Planned and Historical Actual Funding for the Three Scenarios of Futu¡e Budget

Availability and Three Criiical Confi.dence Limits
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the lowest level of investrnent the ec.onornic return of such investment can be attaineci with
higher confidence limits. Therefore, these results are consistent with the clefinition of Uncle-

tertrined Budget, i.e., the level of actual funding is not known precisely, but it is estimatecl

to lie sornewltere in between the rnaximum ancl rninimurn levels. It has been notecl that the

relative frequency of optirnal funding decision generatecl by the SDP uloclel using the Direc.t

Assessrnent (DA) derivecl transformation probabiüiy cloes not matc.h perfectly with the rela-

tive frequencv of 'historical actuai' funding since there are significant gaps at the iowest anri

seconcl iowest level funding decisions. The reason for the existence of such significa't gaps is

due to two factors, narrely: i) the differences in characteristics between the scenario-basecl

probability assigntrent of the Undetermined Budget scenario (see Figure b.4-3) ancl the clis-

tribution of 'historic.al actual' funding realization, and ii) logical inconsistencies inherent in
such probability assignrnents since there is no means to check the logical consistency of nu-

merical assessrnent in the f)A methocl which is ernployecl in the Subjective rnoclel to generate

transformation probabilities.

It shoulcl be notecl, however, that such comparisons (comparison of the SDp resllts with

'historical' planned and actual funding) rnay contain some weaknesses since future buclget

availability nay not be the sanìe as past budget availability. In such situations an esti'ration

of the likelihood of eacli scenario of future budget availability may be requirecl ancl therefore,

the result of the AHP rnethod as shown in Table 7.4 for ratings such a Likelihoocl may be

useful. Recall that the AHP methocl conbines and prioritizes (with subjective input frorn

DM's/ assessors) a range of external factors governing the future buclget availability (shown

in Figure 7.1) into a nurnerical rating representing the likelihoocl of each scenario in the

future.

A siÛrilar cornparison was perforrned between the SDP results using transfonnation prob-

abilities generated bv the Subjective model with the Direct Assessment (DA) ancl with the

AIIP methocl relative to the 'historical' plannecl and actrial funcling ievels for the three cases

of budget scenario ancl for rnean c.onficlence Lirnit on NPVB. The results of this conparison

a surnmarized in Figure 7.13.

For the Limited Budget scenatio, urost (70%) of the optirnal funcling clecisions proclucecl

bv the SDP using the AHP are Dl,¿,,, (see Figure 7.13-1). This result is consistent with the
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deJinition of that budget scenario. Application of the SDP using the DA clerivecl transforrna-

tion probability result in rnost of the decisions being at the seconcl lowest level of funclingç,

i-e', Dl,¿,,". These results are again reasonably consistent with the clefrnition of the buclget

scenario but not to ihe same extent as the results obtainecl using the AHP approach. A
sirnilar result is also observed for Non-Lirnited Budget scenario, in which both the SDp using

the DA and the AHP rnethod plocluce the sarre optirnai funcling clecision, i.e., D,l,¿,r,, (see

Figure 7.I3-2).

Interestingly, for the Undeterminecl Budget scenalio, the SDP using the AHp rnethocl

procluces a distribution of optirnal funcling decisions that closely rnatchs the clistrib'tion of

level of actual funrling over the last 17 years (see Figure 7.13-3). This featur.e is important

for situations in which the DM's wish to replicate the past tenclency of funcling allocation in

the future.

Based on these comparisons, it is reasonable to conclucle that, the tr.ansfonnation proba-

bilities generated by the Subjective model with the AHP rnethocl (see Subseciion b.6.6) which

provides a llìeans for checking logical consistency of qualìtative assessments frorn assessoïs

yields solutions that give a tnore realistic approach to the clefinition of scenario of future

budget availability.

Examination of Optimal Scheduling Horizon with Respect to Discounted Cost

The SDP results also confirm that the longer scheduling horizon NT the greater optirnal

total return in tenns of the total expectecl present value of net benefit at the beginning of
planning horizon given the optimal funcling/investment clecision policy is acloptecl (TtrNIl).
The relationship between TENB and .^{? for Scenario 3 (Uncletenninecl Buclget) uncler the

three critical (i,e., Mean, Lower', and Upper) ievels of conficlence limit on NPVB with the

associated membership gracles of confidence limit on NPVB is shown in Figure 7.14. To

deterrnine the optirnal scheduling horizon with respect to the rninirnization of cliscountecl

costs, the FCCIGP rnodel was ïutì a number of times to account: i) the range of cornbinations

of each level of possible funding decision D!,o,rn ancl level of actuai funcling receivecl, ii)
the coefficient of cost escalation, and iii) the three critical levels (rnean, lower, and upper)

of confldence limit on NPVB with the associatecl rnernbership gracle, ancl iv) the range of

scheduling horizons NT < 5,6,7,8,9 and 10 years. The results of this analyses shown in
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Figure 7.15 and Table 4.52 indicate that the longer the scheduling horizon y'[?, the greater

the achivement of NPVB and IAD goals. At the lower level of confidence limit, the increase

of NPVB is steeper than at mean and lower limits. These features are due to a decreasing

discount factor of construction cost as NT increases.

Based on these observations, it is reasonable to conclude that from a viewpoint of purely

minimizing tota.l discounted costs, the optimal scheduling horizon (NT) can be obtained,

not unexpectedly, by scheduJing the projects over a longer scheduling horizon. Furthermore,

introduction of construction period constraints expressed by Equation (6.a7) also reveafs that

the model tends to schedule the projects at the very end of the construction period (see Table

Ã.52).

Examination of Scheduling Horizon and Risk of Interruption

To examine the risk of interruption of project implementation the SDP model is run a

number of times using the results from the FCCIGP for different restrictions on NT, i.e.,

NT < 5 to 10 years, the three critical ievels (mean, upper, and lower) of confldence limit on

NPVB with the associated membership grade, and various vaJ.ues of the discount factor (a)
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ref.ecting features of uncertain future outcomes. In this case the long range return specified in

terms of NPVB in the SDP formulation are discounted. twice, in the fi¡st instant for monetary

vaJ.ue of time with constant discount rate for various y'y'?, and in the second instant to reflect

the likelihood of the potentiaJ. of interruption which varying with /[?. For example in this

application, discount rates of 0%; I%; 3%; 5%; 6% and 8% are assigned for each NT S 5

to L0 years respectively. The results of the SDP model for Scena¡io 1 (Limited Budget) in

terms of TENB for constant discount rate (reflecting non interrupted plan) and for various

v¿lues of d.iscount rate associated with the d-ifferent retrictions on -lÍ? (refl.ecting potential

intermpted plan inherent in each scheduling horizon l[?) are plotted in Figure 7.16. F]om

this fi,gure it can be observed that there is a ga.in of between 8124 to 23l million; $88 to 200

mi'lli6a; $12 to 121 million, for the lower, mean and upper level of confidence limits on NPVB

respectively for extending /f? by one year.

However, at the same time, there is also potentiaJ. loss in between$115 to 276 million;

$¡0 to 3gQ million; and $30 to 61 million, for the lower, mean and upper level of conÍdence

limits respectively for extend.ing /f? by one year if the potential interruption occu¡¡ed on the
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scheduling peliod in question. However, these results clo not provicle information about the

probabiüties, which represent the ükelihoocl of the projects not being interruptecl. To aclclress

this aspect of the problern, the utility function (clescribecì in Subsection 6.8.4 of Chapter 6)is
used to determine the threshold probability (the c.ross over value p*) between 0 to 1 such that

the planner will be indifferent between choosing NT < 5 years ancl 1/? ( 6 to i0 vears. The

results of the utility function can be sutrrnarized as follows: At the uppeï level of conficlence

lirnit and for 1/? ( 6 to 10 years p* :0.48. Similarly ?* : 0.66 ancl p* : 0.J1 for the mean

and lowel level of confidence limits.

The interpretation of these results is as follows: for choosing the schecluJìng horizon

length, when the probability,p,of not being interruptecl satisfies if, i) p > 0.66, the planners

can extend their scheduling horizon if necessaïy over the range of 6 to 10 years for any Ìevel

of conficlence iirnit, ii) 0.31 { p { 0.48 the planners can consicler extending their schecluling

horizon only for the lower and upper level of conflclence level, ancl iii) p ( 0.31 the planners

oniy have one option, namely, NT < b years.

'1.4 Ðval'q.lation of, the Model

Evalution of the proposed rnodel is perforrnecl in two parts. The first part clescribes the

strength and weaknesses of the FCCIGP model. Comparisons with the other invest¡lent

rnodels and the current project selection practice in Indonesia are given in the seconcl part.

7.4.'1, Strengths and 'Weaknesses of the Models

Strengths of the Models

Basecl on the theory on which the integratecl (SDP-FCCICìP) was clevelopecl ancl on the

results of the application of integrated rnodel to the real problenr of water resoulces planning

in Indonesia, it can be concluded that the strengths of the rnoclel lie on the following factors:

1. Budgetary fluctuations problems:

The problerns of buclgetarv fluctuations can be hancllecl effectively in the SDP rnoclel by

ernploying tlansforuation probabilities reflecting the likelihoocl of actual funcling reaLization
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Multiobjec.tive-rnulticriteria optimization involving rnultiple conflicting and incomrnen-

surate objectives are able to be perforrned efficiently. It procluces an efficient solution

that directly refers to the ovel ol unclerachievernent of sectoriai objectives such that

relationships between goai achievement level and lesource capacities can be easily ob-

served,

ø Managet'ial concerns with respect to: i) ensuring that there is always a feasible solu,

tion, ii) satisfying the requirement for "go no go" status to avoicl fragmentecl project

completion and intertnittent irnplementation, and iii) accomoclating other constraints

such as scheduling, budgeting, and political as well as project clepenclencies, can be

achieved satisfactorilv,

ø It is suitable for accornodating sociotechnical criteria which are incomrnensurate in

reality.

5. Scoring-Criterion-Based-Optimization:

Modification and application of the Partitioning Algorithrn enables the sociotechnical

criteria to be optirnized in a hierarchial nìanner, i.e., the projects that have a higher score in

a particular c.riterion have to be satisfied to maximum possible level before the projects with

a lower scole are even considered. Inclusion of the sociotechnical factors which unclerlie the

agricultural production and rnarketing subsysterns which contribute to project success in this

rnultiobjective-multicriteria portfolio model makes the rnodel more effective as a screening

model than the traditional Benefit-Cost analysis in the following ways:

o Recognization and quantification of non-econornic objectives in the moclel formulation

pertnits the projects dorninated by non-economic conceïns to "cornpete" rnore efec-

tively for selection with those projects which are dominated by favourable benefit cost

conditions but which do not rnatch the non-econornic goals, ancl

ø Recognization and quantification of socio-econornic factors measuring sociai encl effect-

s of projects enables the DM/planner to identify those projects that have favourable

scores in the Benefit-Cost analysis but whose predicted scoÌes for social responses (sup-

port and participation of farmels or water users) following the cornpletion of irrigation

schemes are low.
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The seconcl ability ensure that the potential delays in project utilization clue to lack of

consicleration of the useÌs support, participation, and ability to exploit the newly completecl

irrigation projects can be detectecl in the earlier stage of clecision processes. Such moclel

ability contributes to relieve the current deficiency of water resources rnanagernent agencies

in developing countries who generally fail to seek and obtain the understancling, support, anrl

participation of the water users (Chaturvedi, Igg2).

6. Measures for Handling IJncertain Investment Outcome:

Various type of uncertainties which rnay affect investrnent outcome and whose irnplication

can be rneasurecl in monetary units can be aggregated into an uncertainty m.easure associatecl

with benefit cost rneasures by assurning the NPVB criterion to be a randorn variable. Such

probabilistic Benefit-Cost analysis provides a rnoÌe thorough evaluation than the traclitional

Benefit-Cost procedure, especially with respec.t to the following issues : 1) the FCCIGP moclel

is abie to iclentify the existence of "risky" projects and thereby provicle a means for avoicling

thern, and 2) consideration of the Benefit-Cost issue in a probabilistic constraint enables the

dispersion of ranclorn variable to be explorecl such that the risk aversion attitucle of the DM

can explicitly be incorporated in the decision rnaking process.

7. Measures for Handling fmprecise Input Data:

The 'real life' problems of imprecise input data in the form of imprecise goals ancl target

setting, irnprecise specification of budget limits, and imprecise choice of level of conficlence

lirnit for NPVB criterion generally cannot be properly articulated in a traditional "crisp" for-

nrulation. Formulation of the Chance Cjonstrained Integer Prograrnming (CCICIP) in aftzzy

linear environrttent is therefore rnore appropriate. Such fuzzy formulations offel rnore flexi-

bility than traditional (crisp) IGP in the sense of providing optirnum solutions lying between

a lower and an upper bound of a budgetary interval. Thus, in this fuzzy formulation the

DM is not forced into a precise forrnulation. Moreover, the FCCIGP achnits imprecise goals

and criterion setting on constraints in more realistic rranner, i.e., by assigning membership

grades of the fizzy par-anneter as a decision variable in the model formulation.

In addition to those advantages, the FCCIGP forrnulation offers the following otirer im-

provements over the traditional (crisp) CCP methocl:

e Unlike the traditional chance constraint (CCP) rnethod in which levels of conficlence
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lirnit are determined arbritarily, in this FCCIGP rnoclel levels of conficlence lirnit are

decision variables represented by a rnembership gracle which is itself cleflnecl basecl on

qualitative judgrnents of the relative importance of clifÏerent conficlence levels extractecl

frorn a DM or a grolrp of DM. A consistency measure is also available (Saaty, I}TT) to

evaluate tlte consistency of the DM's input ancl thereby ensule a reasonable solution.

ø In a FCCICìP rnodel the efect of the extent of constraint violation is explicitly consicl-

ered in a decision variable representing the degree of violation of bincling constraints

such that its implication on rnodel solutions can be easily observed and evaluatecl. This

feature is in contrast with the CCP rnethod in which there is no explicit consicleration

rnade either of penalties or reward involved if the chance constraints are violatecl or

rnade less restrictive thereby making it cliffcult to quantify the efects of constraints

violations.

\Meaknesses of the Models

A nurnber of shortcomings exist within this integrated model:

1. Sociotechnic.al criteria developed for the demonstration example are strongly relatecl

to the nature of the problerns of water lesources developrnent in Inclonesia anci can

therefore be quite "problem specific". These criteria woulcl require a significant mocli-

fication if the rnodel would be appliecl in a clifferent country with a clifferent financial

and/or social environment.

It should be noted that while the incorporation of social and political factors into the

water resources planning process in the manner described in this study is an irnportant

step towards more cornprehensive ancl inforrned decision making, there is no guaïan-

tee all or even at least rnost of relevant social and political factors have been or can

be addressed even for the particular case of irrigation planning in Indonesia usecl to

dernonstrate the nodel. Furtherrnore the problems of quantification of these sociai ancl

politicai factors which involve both specification and rneasurement are not insignificant.

Such probletns can becorne an even greater conceïn when the factors are extrapolat-

ed into the future for prediction puïposes and usecl in preparing for potential future

2.
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outcomes and associated decisions. While such problems associated with extrapolation

also occur with more easily quantifiable variabies related to engineering and economic-

s, they are more serious in relation to the socia,i and political variable because of the

nature of those factors.

The introduction of social and poütical. factors in the manner proposed in tlLis thesis

a,lso introduces normative elements into what is meant to be an engineering or scientific

analysis. The implications of introducing such value judgements in the process require

considerable review. These shortcoming require further study before the model can be

used with absolute confidence and. as such represent an area for further research.

It is assumed that the shape of the probability distribution for NPVB criterion (random

variable) follows the normal distribution curve. Such assumption might not be totally

true. However, the recent study of probabilistic Beneflt-Cost analysis by Tung (1992)

indicates that the normal distribution provides a satisfactory result for describing the

randomness of net benefit criterion.

It is aiso assumed that in defining the deterministic equiva.ient of chance const¡aints

there is no signifrcant correlation between the pairs of random variables. In this in-

tegrated model the relation between projects are articulated by project dependency

constraints. TlLis assurnption may also be inappropriate. The theoretical and practical

consequences of this assumption being inappropriate is an area in which further study

should be undertaken.

The use of the AHP method for generation of subjective probabilities is not free-from

imperfection. The background knorvledge and personal preferences of the analysts and

the degree of understanding of the systems can have a strong effect on the elements in

the judgment rnatrix and hence the results of weights/probabilities. Advisory experts

can mitigate the problems to some extent. It should be noted, however, that the AHP

method is considered by many reserchers (Zahedi, 1986) as an elegant and efective

approach to a complex public decision making problem in which a large number of

opinions and interests have to be accomodated.

4.

5.

6.
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7. The use of a point allocation and unit weighting scheme for predicting the farmer

readiness to utilize a newly completed irrigation scherne in the case when the nurnber

of completecl sc.hemes are not sufficient to perform regression analysis is not free frorn

problems. The applications suffer from uncertainty resulting frorn the particulal scale

chosen. Furthennore, they do not provide an internal check on the consistency of the

weights generatecl (Pahner and Luncl, 1gB5).

B. The use of multiple variable regression rnodel is also

one subset of independent variables is risually 'best'

uses and regions (Neter et al., 1gB3).

not

for

free from difficuity since no

all clescriptive or predictive

7.4.2 Cornparison with Target Motad and IGP model

The solutions of FCCIGP model for the three conf.dence limits on NPVB (rnean, lower,

and upper) with the associated mernbership grade for confidence limits on NPVB ancl the

prespecified value of upper bound of budget allocation equal to 100%Bf| are cornpaïecl to the

solutions of the IGP (preference given to NPVB goal), and the Target Motaclof Tauer (1983)

rnodel which is concernecl with uaxinisation of expected gross margin and rninirnisation of

the aggregated deviations. The cornparison of the solutions for these three rnoclels is shown

in Table 7.10. Frorn this table it can be seen that the solution by IGP rnodel is cornparable to

the solution of the FCJCIGP under the iower level of confldence litrit on NPVB (b% of time

exceeded with À¿o-", = 0.085). On the other hand, the solution Elelerated by the Target

Motad procedure is the satne as the solution of FCCIGP under the mean of conficlence limit

on NPVB (55% tirne exceeded with À¡4"o,, = 1.00). However, the FCCIGP rnoclel is superior

to both these models (IGP and Target MOTAD) in terrns of:

1' It is able to accornodate problens of imprecise input data and imprecision of criteria

preferences inherent in a real life investrnent planning problern.

2. Fornrulation in LIte fuzzy form enables preference toward confrdence limit on economic

criterion to be explicitly specifiecl.
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Table 7.10: Comparison of IGP, FCCIGP and Target MOTAD for Possible Fu-nding

Decision/Allocation DilBf: at stage t : !

PROPOSED PROJECTS YEAR IN IJHICH CONSTRUCTION STARTED

IGP FCC I GP

MODEL
CONFIDENCE LEVELS

TARGET

MOTADPROJ ECT

NUMBER & NAI'IE

AREA
(ha )

MODEL

MEAN LOI.IER UPPER

LII.IIT LIHIT

1 Krueng Baro
2 North Sumatra
3 Pasaman
4 Batang Kumu
5 Limun Sungkat
ó Komering
7 BaaI
B tJay Abung
9 uay Perdada
10 Atas
11 Manjuto Kanan
12 Tetuk Lada
13 Jatigede
14 Jratunsetuna
15 Dumpi L

1ó Madura
17 East Java Rehab
18 Sanggau Ledo
19 Kasau
20 Riam Kanan
21 Toraut Bongo
?2 Taopa
23 Katong
24 Eoya
25 San Rego
2ó lJaHotobi
27 Dataran Kobi
28 llimbo Erang
29 Irigasi Bati
30 Embung NTB

31 KaI imantong
32 Irigasi NTT

33 Embung NTB

16772
41000

1926
1 3800

2500
55904

5500
5 000

13550
4400

1 0000
18923

1301 58
74537
25115

2580
42912

,55
5000

1 2000
7820
8000
1 200

1 0000
'7500

?1200
195 0
1963
3125
1520
2850
3360
8276

1st
1st
2nd
1st
4rh

0

1st
0

1st
0
0
0

1st
1st
1st
4th
1st
4rh

0

0
0

0

0

0

0

1st
1st
Znd
1st
4th

0

0

2nd
1st

0

0

0
1st
1st
1st
4th
1st

0

0
0
0

0

0

0
0

1st
0
0
0
0

0
n

0

1st
0

2nd
1st
4th
1st

0
0

0

0

0
0

1st
1st
1st
4rh
1st
4th

0

0
0
0

2nd
n

0

1st
2nd

0
n

0
0
0

0

0
1st
1st

0

3rd
0
0

2nd
1st

0

0

1st
1st
1st
1st
4rh
1st

0

0

0

0
0
n

0

0

1st
0

0
0

0

0

0

0

1st
1st
2nd
1st
4th

0
0

2nd
1st

0

0

0

1st
1st
1st
4th
1st

0

0

0

0

0

0

0

0

1st
0
0

0
0

0

0
0

St
0
0
0
n

St
0

0

PARAMETERS

1 lrrigation Area (ha) 392841 115570 1156?9 40t-476 415570

2 N.P.V. of Benefit (s10^ó)1957-4 1590-5 2379.5 796.6 1590'5
3 Tnansmigration Support 11500 1ó500 27500 ó500 1ó500

(number of famities)
4 Number Setected Projects 15 13 11 12 13

5 Total. Budget ($10^ó) 9?2-99 923.87 923-77 920-13 923'87
ó Membership Grade of

Budgetary Constraints
7 Membership Grade of

confidence Limits - 1 0-085 0-083
I Degree of Constraint

VÍotation-00.9150'917
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FCCIGP rnodel has features that enable the implication of various type of uncertainties

inherent in econornic criterion enable to be addressecl on multiobjective-multicriteria

basecl moclei, such that the existence of "risky" projects can be iclentifiecl ancl avoiclecl.

The formulation of a probabilistic. constraint enables the clispersion of the NPVB crite-

rion to be explored rrore thoroughly, not only at the rnean level but also at any clesirecl

level in between a lower and an upper bound of confidence liuit such that the tracle

off between goal achievernents vs. confidence ümit preferences can be perforrnecl more

adequately.

7"5 comparison with cu.rnerlt Flannie"ag Ðecisior¡

Practice

Comparison between the projects selec.terl by the FCCIGP rnoclel for ihe possible funcling

decision/allocation Dî I BTI under valious goal ancl selection criteria preferences wiih the

projects selectecl by GOI under current project selection practice as shown in Tabie 7.11

reveals the following characteristics:

L Goal aclt,ieuement:

The FCCIGP rnodel ensul'es the attainment of the optimal projects portfolio that op-

timized the achievement of preferred objectives, whether those objectives can be rneasurecl

in rnonetary units (tangible) or non rnonetary units (intangible). For exarnple, when pref-

erence is given to the NPVB objective at rnean confldence lirnit (À¡a"orr:1), the projects in

the portfolio selected bv the FCCIGP yield returns 27.TJ% greater than returns of projects

ranked by a traditional B-C rnethod. Similar tendencies are also observed when NPVB is

evaluated at lower (S% of the tirne exceeded with À¿o_.,:0.085) ancl upper (g5% of tirne

exceeded with ÀLrrr",'=0.083) lirnits of confidence level. Furthe¡no¡e, the FCCIGP rnoclel is

also able to provide an optimal portfolio of projects on the basis of objectives other than

rnonetaly objectives, for exarnple on the basis of socio-political goals ancl criteria relatecl to

self-sufficiency in rice production, farmer readiness criterion ancl transrnigration. On the oth-

er hand, the traditional B-C methocl used previously in Inclonesia is only capable to hanclle

.)
J.

4.
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monetary objectives clirectly.

2. Means of arti,culating ytreference towarcl, risk and uncertairtty:

Inclusion of statistical analysis and chance constraints enables the risk aversion attitucle

of a DIVI or a planner to be incorllorated explicitly in order to iclentify the existence of ',¡isky"
projects and therefore to avoid non optimal investrnent decisions. Without such recognition

the problem of inflated benefits rnav rise. For exauple, the original r'eturns (NPVB) resulting

fronr a traditional B-C method have been historically overestimatecl by Ig.B% and ITB.4g%

when NPVB is evaluated at the rnean and lower confldence lirnits respectively.

3. Trade-ofJ between co'rr¿Tn ensurate and n on-cornrnensurate objectiues:

Inc.lusion of sociotechnical selection criteria constraints ernbracing not only technical ancl

economic features but also socio-technical and political aspects such as the farmers'reacliness

to utilize completed schernes, the extent of existing rice field ancl the transrnigration support

enable the irnplications of such goal preferences to be evaluatecl explicitly. For exarnple,

there are potential losses of returns (NPVB) at about 5.94%;27.87%; and IT.20% (relative

to the return when NPVB goal is preferred) when preferences are given to the extension

of irrigation area, the transrnigration suppolt ancl the farrner reacliness goals in isolation

respectively. Satisficing solutions for such conflicting goals can be obtained by proper setting

of weights (refer to column 7 and g of Table 7.I1). On the other hancl, such abilities can not

be found in the current traditional B-C rnethod. For exarnple, there is no satisfactoly nìeans

of evaluating the implication of policies other than those involving monetary objectives. Such

application of a B-C rnethocl has the potential to overlook the socio-technical factors uncierlie

the agriculturai production ancl rnarketing subsysterns which contribute to the success of

the utilization of cornpleted irrigation schemes resulting in the cìelays in achieving a full

cleveloprnent stage experiencecl in Inclonesia (Sutardi, 1988).

l. Means of ltandlirzg managerial needs:

The FCCIGP model provides an effective and explicit rneans of hanclling managerial neecls

related to: i) an optiual project scheduling within a given schecluling horizon, ii) the require-

rnent for a "go ot tto go" status for each project or subproject to avoicl fragmentecl project

cornpletion and interrnittent implementation, and iii) an optimal annual buclget allocation

within a given scheduling horizon.
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Table 7.11: Comparison Between Projects Selected by FCCIGP and Cur¡ent Planning

Decision Practice

PROPOSÊD PROJECTS YEAR IH IJHICII COHSÍRUCTIO¡¡ SÍARIEO

PROJECT
I{UHSER & HAI'IE

Area
(ha)

FCCTGP RESULTS CIJRR€HÍ È)

PLAHH fHG
0Eclst0H
PRACT ICESGOAL AHD SELECÍION CRITERTA PREFÉREIIC€S

NPVS

¡IEAII LOqER UPP€R
¡Âo IPVS= ÌS HPVE=TS FRD PPI ERF NPVB(8/C)

¡40 oRIGINAL llElH Lol¿ER

1 Krueng Baro 16772 lst 1st
2 North sffitra 41000 1st 0
3 Pasamn 4926 zrd znd
1' Eatang Krru 13800 1st 1st
5 Li¡M sungkar 2500 4th 4th
ó (mering 5590r' 0 1st
7 saat 5500 0 0

8 Pay AbJns 5000 2tÉ 0

9 Hay Perdãda 13550 0 1st
10 ALas ltOO 0 0
11 l'{anjuto Kanan 10000 0 0
12 Tetuk Lada 189?3 1st 0
13 Jatigede 130158 0 0
14 Jratunsetunê 71537 1st lst
15 ounpi 1 25115 1th lst
1ó I'ladura 2580 4th 4th
17 East Jðva Rehab 12912 1st 'lst
18 sanggau Ledo 555 7rd 4th
19 Kasau 5000 0 0

Z0 Riên Kanan 12000 0 0

21 Toraut Bongo 7820 0 0

22 laopa 8000 0 0
25 Ka(ong 1200 0 0
24 aoyã 10000 0 0

25 san Rego 7500 0 0
2ó Harotobi 212OO 1st 1st
27 Datarãn Kobi 1950 0 0
28 HirÉo Erang 1963 0 0
¿9 frigäsi 8al.i 31?5 0 0
30 Enù¡g xrg 15¿0 0 0
31 KalimntonE 2850 0 0

32 lrigasi l¡1T 33ó0 0 0
33 Ef,irsg NfT 8276 0 0

0 lst 1st
1st lst 1st
znd 1st Znd
1st lst 1st
zrd 4th 4th
0 1st 1st
000

zti Z¡rd 2rÁ
lst 1st lst
000
000

1sr 1sr lst
000

1sr lsr .1st
1st 1st 1st
4rh 5rd 4rh
1st00
lrd 3rd 3rd
000
000
000
000
0 4th 4th
0 1sr lst
000'lst 1st lst
0 4rh 4th
0 4th /.rh
000
000
0 4rh 4rh
0 3rd 1st
000

lst
0
0

1st
/.th
1st

0
0
0
0

1st
0
0
0
0
0
0
0

1st
1st
1st
1st
1st
1st
'ls t
lsr
zrd
4rh

0
0
0
0
0

1st01st01
00000
01stZrd00

1st0000
4th0000
1st 0 0 0 0
0 Zrd Zrd zr'd 0
03rd0?nd0

1st 1sE 0 1st 0
0 zr'd 0 1st 0

1st0001
0 0 1st 1st 'l

00000

0

0
0

0
0
0
0

1sr ls( 1st 1st
1st 1st 1st 'lst
4rh 4rh 4rh /.rh
0 1st 1sr 1st

4th 0 0 4rh
1sc 0 0 0

1st 0 0 0
1st 0 0 0
1st000
4th 0 0 4th
1sr lsr 0 1st
1st 1sr 1sr 1st'lsr 1st 1st 0
4rh /rrh 1st 0
3rd 0 4th 0
0 3rd 3rd lrd
0 4th 3rd 4th
0 4th 4rh 0
0 5cd fcd 1st
0 lth ?rd lsr

PARAI4ÊTERS ORIG¡I{AL ¡IEAI¡ UPPER

1 N.p.v. of Benefir (s10^6r1225.7 1802.t óó9.64 115¿.9 1152.9 189.5ó 958-32 1014.9 1061.4 99ó.08 1201.19 100ó.9 15ó8.9
Z lrrisatìon Area (ha) ?91310 2978?1 288118 339?05 339205 19ó809 313166 260121 Z&A?9 228673 3¿5ó90 325ó90 3?5ó90
3 Tranmigration Support 1ó500 15500 11500 2ó500 2ó500 42500 12500 10500 9500 500 15000 15000 15000

(nurËer of fanities)
4 Nuúær Setected Projects 13 1? 13 ZO 20 15 20 18 17 16 11 11 11

5 lotat sudset (sl0^ó) 5ó3.04 565.9ó 5ó3.78 5ó3-98 563.96 137.81 563.72 563.63 562.93 563.65 563.13 563-13 563-13

SATISFÀCÍ ¡OH OF SELECTfON CRf TER¡A
H@iær of Projæts

'I Physical. Potencia(
Range: > 852

80u - 85r
< 80x

2 Existing Rice Fietds
Range: > 85Í

ó02 - 80x
501 - 602

< 50Ë
3 Fsrrer Reêdiness
Range: > 802

602 - 80u
< 602,

5

l

710103713'1510
59967527
1116ó000
6661591011
zL1?3516
3t, 111350
?5588130
5 ó 0 0 3 I 1l I
596679ó8
3 5 9 I 10 0 0 0

HOTE: HPVE=IÂ0 : PREFERENCÉ fS GlvÉH l0 80IH NPVB At¡D IÀ0 GoÂLS

NPVE=IR : PREF€RÉNCE IS GTVEH TO BOTH HPV8 AHO TS GOALS
r) sqJRcÉ EcEcH (1989) IRRI6Âil0t¡ I¡IVESTHEHf STUoY
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Cornparison of the results of the SDP (with transformation probabilities generaterl by the

AHP) in terrns of the optimal investrnent policies relative to the plannecl ancl actual funcling

realization for water resouÌces projects in Indonesia over the last 17 years (see Figure 7.13)

indicates that the SI)P results under Cjase 3 (Undeterrninecl Budget Scenario) for the rnean

confidence limit of NPVB closely tratch the actual funding realizations derivecl frorn the

historical clata over the last 17 years (Table 7.1). This result confinns the vaüclity of the

nloclel (and input clata) to a lalge extent as the undetermined buclget scenario ancl average

level of perforrnance of projects is a fair representation of a planning pr.ocess.

The results of the possibility rating of the three scenarios of future budget availability

in term of a nurnerical rating representing the likelihoocl of the oc.curence of each of these

scenarios as shown in Table 7.4 also confirm that the Undeternined Budget scenario represent

the most likely to prevail in the future. The concern for providing the DM with realistic

optirnal investrnent decision policy is very relevant to the situation in Indonesia where the

GOI's investment policy over the last 17 years was governed by a'target oriented'policy

which is only cornparable with the Non-limited budget scenario. Recall that as a reflection of

such discrepancies (between planned and actual funding levels) resulting in many hundrecls

of mediurn and large scale water I'esources projects being rescheduled and postponecl, ancl

even cancelled. Recognization or anticipation of such situation enables the DM to reduce

the problems of such projects rescheduling, postponement and cancellation due to budgetary

fluctuations beyond the control of the DM.

In surnmaly, the results of the integration of FCCIGP-SDP rnodel indicate that the

approach provides more useful guiclance for investrnent planning under various type of uncer-

tainties and a rrore satisfying approach in fulfllling the needs of rnanagerial concerns than the

traditional B-C rnethocl currently appliecl for investrnent planning in water resouïces invest-

rnent in Indonesia. Sirnilar resuits can be expected frorn planning decision in other countries

as long as the parameters in the rnodel are adjusted adequately to reflect the frnancial, social

and political clirnate of those countries.
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In general, a water resources system is planned, designed, built, operated and controlled for

the purpose of fulfllling specified future demands. However, these water resources develop-

ment activities are subject to uncertainties inherent in both resource availabilities as well as in

demands. By definition, planning itself is the process of forecasting the future developments.

Therefore, ideally planning activities have to incorporate these uncertainties. Uncertainties

related to natural resources and future demands are generally handled in the technical level

of planning. However, uncertainties inherent in economic resources, €.8., the level of future

budget availability for investment and the uncertainties inherent in socio-political factors

contributing to the success of water resources management are ideally handled by the high

level decision making process (investment planning).

The implications of these types of uncertainties are quite severe. Current water resources

investment plannings in Indonesia provide illustrative cases. Hundreds of medium and large

scale irrigation projects have been postponed due to year-to-year budgetary fluctuations

originating from fluctuations of the world oil price during the last twenty years (Sutardi et al.,

1991a). In addition to this problem, uncertainty inherent in the investment outcome has also

caused problems. Examination and evaluation of economic performance of completed schemes

reveal that most of project benefits have been overestimated due to insufficient information on

complex inter-related socio-economic factors and to a lesser extent the randomness of natural

phenomena. The importance of sociotechnical and political factors to the success of completed
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irrigation schemes is further indicated by the fact that many hundred thousand hectares of

completed faciljties have not been utilized to the maximum potential leve1 because of the

inability of existing approaches to recognize socio-technical and political factors contributing

to the success of the agricultural production and marketing subsystems which control the

rate of utilization and productivity of these schemes (Sutardi, 19BB).

Two issues of investment planning, i.e., sequential decision making and the flexibility

aspect (ability to adjust the outcomes of previous decisions) are addressed in the model

proposed in this thesis. Some planning problems are sequential in nature, in that the latter

decisions can be influenced both by earlier decisions and by outcomes of the stochastic param-

eters whose values only become known to the decision maker after the earlier decisions have

been taken. In this sequntial decision making environment, an (optimaf investment/funding

decision has to be made based on the consideration of the existence of these various types of

uncertainties.

The term 'optimal' associated with the most desired investment decision has two mean-

ings. The first meaning relates to the fact that investment decisions have to recognize the

possibility that actual funding is significantly different, and normally less, than anticipated,

or more precisely, desired for that scheduling horizon. This approach is in direct contrast to

the "target oriented" planning approach which has been applied in countries like Indonesia

with the direct consequences that the projects selected in the planning process are currently

being rescheduled and even cancelled as development budget and priorities vary. The second

meaning is related to the need to obtain the best portfolio projects that yield the maximum

'retuln'with respect to preferred objectives and criteria.

The second issue of flexibility in planning relates to the f¿ct that the components of the

system, e.g., the scale of the system, can be adjusted in accordance with changing conditions.

Two aspects of flexibility in pianning are required to operationahze this 'flexibie' p1an, i.e.,

staged deuelopment and trade-offs between alternatiues. Staged development in this case is

to address questions as to which part of the plan should be implemented immediately, what

portions are to be staged for future consideration, and when they might be constructed

under various definitions of the scenario of future budget availability. Trade-ofs between

alternatives, e.g., goal achievement vs. confidence limit of preferred goal, shorter vs. longer
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scheduling horizon, taking into consideration this budgetary uncertainty problem, are often

required.

This thesis identifies and examines the implications of various types of uncertainties gen-

erally inherent in practical problems of water resources investment pianning. Such uncertain-

ties and risks can be categorized as follows: i) external uncertainties; the parameters which

contribute to this uncertainty cannot be statistically defined and originate from a process

beyond the control of the Decision Maker (DM) , €.8., budgetary uncertainty/fluctuations,

ii) internal uncertainties; the parameters which contribute to this uncertainty cannot be sta-

tistically defined and originate from imperfect knowledge which is partly under 'control' of

the DM through the specification of tolerance intervals. These types of uncertainties arise

from imperfect knowledge of what is acceptable or shouid be the target level, and imprecision

(fuzziness) of qualitative data, and iii) external risks; These uncertainties are characterized

by conditions in which the uncertain parameters can be statistically deflned but are beyond

the control of the DM, e.g., uncertainties inherent in the Net Present Value of Benefit (N-

PVB) criterion, and uncertainties inherent in sociotechnical and political factors underlying

the agricultural production and marketing subsystems.

The nature of the problems illustrated above suggest that any approach proposed to ad-

dress the investment planning probiem should consist of the integration of both mathematical

and subjective models within a structured framework to enable both quantitative and qual-

itative parameters to be formulated to model the actual real world problems as adequately

as possible.

A frame work and methodological approach embracing formal mathematical optimiza-

tion and intuitively-based (subjective) models for rationally interpreting these uncertainties

and subsequently incorporating them, in the planning process in a formal manner has been

proposed. An integration of a Stochastic Dynamic Programming (SDP) for optimisation and

a subjective model in combination with the Analytic Hierarchy Process (AHP) to provide

quantitative statements of the uncertainties is employed to handle the problems inherent in

the first type of uncertainty. An integration of statistical analyses, €.g., First Order and

Second Moment (FOSM), Contingency Index, Point Allocation and a multiple variable re-

gression with a multiobjective optimisation technique, i.e., Chance Constraint Integer Goal
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Programming (CCIGP) is used to handle the problems associated with the third type of risk.

Fuzzy set theory is incorporated in the proposed CCIGP model to accomodate the problems

of the second type of uncertainty. Hence the the multiobjective-multicriteria optimization

component of the approach becomes Frzzy Chance Constrained Integer Goal Programming

(FCCIGP). The overall approach proposed to handle simultaneousiy the three types of un-

certainties, therefore, is in the form of an integrated SDP-FCCIGP model.

A case study from water resources development in Indonesia, where such uncertainties

are serious problems, was examined to demonstrate the capabilities of the model.

8"3- lmportant F'eatures of the SÐP Vlodeå

The SDP model proposed in this thesis has scheduling horizons (time periods) as the stages

and the level of funding/investment for which to plan as the decision. The state variables are

the level of development stated in physical terms, i.e., hectares of irrigation area developed at

the beginning of scheduling horizon, and the level of funding actually received in the previous

scheduling horizon. The objective of the SDP model is the development of an investment

planning policy for the DM's which permits them to define and select the optimal investment

planning decision in terms of an optimal portfolio of projects to pursue during any scheduling

horizon under conditions of current and future budgetary fluctuations.

To incorporate the problem of budgetary uncertainty within the SDP, a transformation

probability matrix which defines the ükelihood of a range of levels of funding actually being

received is introduced. The probabilities in this matrix in turn define the likelihood of

a particular state transformation occuring. These probabilities within the transformation

probability matrices are specified in terms of the level of funding being planned for a given

time period, the existing level of development, and level of funding received in the previous

time period.

However, unlike traditional engineering problems in general, the transformation probabil-

ities of the SDP for such investment planning cannot be determined objectively in the sense

that the relative frequencies in past observations cannot be used in isolation to estimate the

likelihood of funding outcomes. In this case, a "subjective probability" is derived from the
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combination of a subjective model, speciflcation of scenarios of future budget availability in

a broader manner, i.e., Limited, Non-Iimited, and Undetermined, and the AHP method.

The return for each level of possible funding outcome at each stage of the SDP , specifred as

a NPVB, is obtained by the FCCIGP. This return considers three critical levels of confidence

limit of NPVB, in this case the lower, mean, and upper limit. The optimal investment/funding

decision in any scheduling horizon, with its associated expected optimal return for a given

combination of existing level of development and funding from the previous period, can then

be based on these probabilities while accounting for the preferred confidence ümit on the

value of the NPVB and the projected scenario of future budget availability. The likelihood

of each budget scenario with its associated subjective probabilities can be estimated in a

possibilistic manner in the form of a possibility rating using the AHP method.

The optimal investment policy generated by the SDP in its stochastic framework explicitly

recognizes the possibility that the level of funding actually being received may be different

from (normally less) that anticipated for that planning period. The adoption of an optimal

investment planning policy generated using the proposed SDP approach enables the DM to

recognize and minimize the problems of project rescheduling, postponement and cancellation

due to budgetary fluctuations.

The other important feature of the SDP approach is that, as long as the budget changes

remain within the range of projected levels, it will provide a guide or answer if, for any reason,

the actual funding received at a particular time period is different, either greater or smaller,

than that projected.

8"2 lrreportant F.eatunes @f the F CCf GP hÆodel

The objective of the FCCIGP model in this integrated model is to determine the optimal

return for each possible level of funding decision along with the associated optimal portfolio

of projects taking into account preferences toward goals, criteria, and uncertainties inherent

in investment outcome and other socio-political factors affecting the return of investment in

a particular scheduling horizon within a specified of planning horizon of the SDP model.

In its general formulation the objective function of the FCCIGP model is to minimize
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the underachievements from specifled target goals and criteria subject to various selection

criteria, budgetary constraints, and managerial constraints.

For the specific application for irrigation investment planning in Indonesia the goals,

criteria, budgetary, and managerial constraints can be delineated as follows:

Goal constraints:

a) Bconomic objective specifled in terms of satisficing the achievement of the economic returns

reflected in terms of probabilistic form of NPVB criterion. This constraint is formulated in

the form of a linear deterministic equivalent of a non-linear chance constraint. b) Socio-

political objectives; i) Maintaining self-sufficiency of rice production by expanding irrigated

rice fields to fulfiü the demand; ii) Supporting the transmigration (inter island migration

within Indonesia) program by quantifying the number of transmigrant families supported by

irrigation facilities on newly opened transmigration areas.

Selection Criteria constraints:

The first criteria are related to the physical potential that are used to define technical and

environmental eligibility of the projects. The other two criteria, namely, the Readiness of

Farmers to exploit newly completed irrigation facilities, and the Extent of Existing Rice

Field are applied to enforce socio-technical criteria related to the agricultural production and

marketing subsystems in order to minimize their degree of uncertainties in these subsystems.

Budgetary constraints:

Two budgetary constraints are incorporated in the model. The first constraint is the annual

budget constraint, which states that funds committed to projects to be implemented in a

particular year cannot exceed the funds allocated in that year. The second constraint deflnes

that total funds expended in any scheduling horizon or stage of the SDP must be less than

or equal to the total funds available for that time period.

Managerial constraints :

Three sets of managerial constraints are formulated in the model The flrst set of constraints

are integer constraints to satisfy the requirement of "go" or "no go" status to avoid fragmented

project completion. The second set of constraints construction period constraints. These

constraints are needed to ensure that a project is selected for a suff,cient number of years

to avoid intermittent implementation and that it is started at the 'optimum' position of
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construction period in a given schedulìng horizon. The third set of constraints are socio-

political constraints which are defined as those which influence or require project acceptance

regardless of the economic desirability of a project.

The multiobjective-multicriteria optimization formulation designed to handle these issues

incorporates three distinct features which enable it to address a number of problems inher-

ent in this optimization model for investment planning of water resources projects oï more

specifically irrigation projects. These features are:

1. Scoring-Criterion-Based-Optimization

The modified Partitioning Algorithm is used to rank the projects in hierarchial manner

when a particular criteria, e.g., the socio-technical environmental and political criteria related

to the agricultural production and marketing subsystems) are important for project selection.

In this case, the projects that have the higher score for these parameters have to be satisfied to

the maximum possible level subject to budgetary constraint before the projects with a lower

score are even considered. This ability to include non-monetary selection criteria makes

the FCCIGP model a more appropriate and powerful tool than the traditional Benefrt-Cost

analysis for screening and identifying the potential projects for implementation.

2. Euzzy Set Theory

The most important aspect of the application of fiizzy set theory for the investment

planning problem in uncertain environment being examined in this thesis is that it provides

a means of representing imprecise or ill-deflned information, such as subjective judgments,

semantic data, and qualitative information. In this thesis the fizzy set theory is applied

to handle the problems of imprecision in data such as inabiì-ity to set goals and targets

precisely, imprecise speciflcation of budget limits, and imprecise preference for choice of level

of confidence limit of NPVB criterion. In general none of these feature can be properly

articulated in traditional "crisp" formulations.

3. Integration of Puzzy Set Theory, Chance Constraints and IGP

The main role of the FCCIGP model in the integration with the SDP model is to determine

the optimal return for each possible level of funding outcome to plan for within each scheduling

horizon (stage) within the SDP model taking into consideration:

ø Goal preferences and trade-ofs among the various economic, environmental , and socio-
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political objectives of water resources planning.

ø Socio-economic, political and environmental selection criteria preferences and concerns

with respect to socio-economic, political and environmental issues.

o The trade-off between goal achievements vs. the various levels of confidence limit of

NPVB criterion to enable the attitude toward risk of the DM, e.g., "risk taker" or "risk

averter," to be incorporated expìicitly in the decision process.

ø Imprecise input data, specification of targets and preferences inherent and characteristic

of practical water resources planning problems.

ø Managerial concerns with respect to the optimal project scheduling in the sense of

defining in which year a project should be started within a specified scheduling horizon,

project unity to avoid intermittent implementation and incomplete projects, project

dependencies, and optimal annual budget allocation within a specified scheduìing hori-

zon. The optimal project scheduling is also required to reduce implications of budgetary

uncertainty /fluctuations.

The other important features of the intregation of the CCIGP model with Fuzzy Set Theory

can be outlined as follows:

ø Qualitative preferences from an assessor or a group of assessors toward uncertainty

specified in terms of confidence ümits on the economic criterion can be incorporated

explicitly in the FCCIGP model through an appropriate collective opinion technique,

i.e., the AHP, method and by introducing membership grade into the model formula-

tion.

o The impacts of constraint 'violation' can also be quantified explicitly by introducing a

decision variable representing the degree of constraint violation in the FCCIGP formu-

lation

The advantages of such fuzzy formulation contribute to improve traditional chance con-

strained programming in which the choice of level of confidence limit is determined rather

arbritrarily and the effect of constraint violations are unsatisfactorily or inadequately quan-

tified.
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E,ß Su.rs-lrnary ofl tlee Resuåts of tlae Ðeruaos-rstna.tåoe-¡

of the SÐP-F CCäGP Vlodel

The results of the application of the integrated model SDP-FCCIGP to the problems of water

resources investment planning in terms of its ability to handle four types of uncertainties,

namely budgetary and investment outcome uncertainties, socio-technical and political factor

uncertainties inherent in the agricultural production and marketing subsystems, and impre-

cision of input data, with particular reference to the situation in Indonesia are summarized

as the followings

8.3.1- Tkre R.esuïts of the SÐP rnodel

Budgetary Uncertainty:

The use of the integrated SDP-FCCIGP modei enables the DM to select the 'optimaf in-

vestment decision which satisfres two requirements simultaneously, i.e., the need to recognize

the possibility of budgetary fluctuation and the need to obtain the best portfolio of projects

that yield the maximum 'return'with respect to preferences toward goals, criteria and risks

associated with each level of possible funding decision. In the demonstration example, the

results of the SDP model under the 'Undetermined Budget' scenario at the mean confidence

ljmit on NPVB criterion provide the most comparable results relative to the actual funding

realisation based on the historical data for the last 20 years. On the other hand, the current

GOI's investment policy is only suitable for the current Non-Iimited budget scenario. As

a reflection of this situation, many hundred of on going water resources projects have been

rescheduled, postponed and some even have been cancelled. The results of possibility ratings

of the scenarios of future budget availability also confirm that the Undetermined Budget

scenario represents the most likely scenario to prevail in the future.

In addition to these results, implications of budgetary uncertainty are also further exam-

ined by determination of the optimal project scheduling horizon with respect to discounted

cost and risk of interruption of project implementation arising from budgetary fluctuations

beyond the control of DM. The information generated by this approach provides a guid-
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ance for the DM or the planners for choosing the most suitable scheduling horizon for the

anticipated budget availability scenario.

The important features of the SDP model for investment planning decision process can

be summarized as follows:

1. The combination of a subjective model, and the AHP which generates scenario based

transformation probabilities, provides a means of recognizing, synthesizing, and prior-

itizing quantitative and qualitative socio-economic and political factors which govern

the future budget availability for investment into a numerical scale, such that they can

be incorporated explicitly into an optimization procedure.

2. The use of scenario based transformation probabilities enables the problems of bud-

getary fluctuations to be anticipated and quantified such that they can be incorporated

in the decision making process. In this case, the optimal investment policies are not

only to be governed by a'target oriented' policy but also by a policy that recognizes

and quantifies the anticipated budgetary fluctuations arising from socio-economic and

political factors beyond the control of the DM. The adoption of such an optimization

investment policy generated by the SDP approach enables the DM to recognize and

minimize the problems of project rescheduling, postponement and cancellation due to

budgetary fl uctuations.

8.3.2 The Results of tlae ï-'CCÏGF TV[ode]

The results of the FCCIGP ensure that the economic return of each possible level of funding

decision, with its associated portfolio of projects is satisfied with respect to goals, criteria and

risks preferences. In terms of goal achievement, when preference is given NPVB objective the

projects in the portfolio selected by the FC CIGP yield return s 27 .73% greater than the return

of projects ranked by a traditional B-C method. Furthermore, the results of the application

show that the FCCIGP model is also abie to identify any over-and under-estimations of

components of benefits and costs inherent in a traditional B-C method.

Similarly, in terms of articulating preference toward risk and uncertainty and trade-off

between commensurate and non-commensurate objective, the FCCIGP model is superior to
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these traditional B-C method, IGP model, and Target MOTAD. Other managerial require-

ments such as the optimal project scheduling, project unity, and the optimal annual budget

are also satisfactorily obtained using the proposed FCCIGP model.

The other important features of the FCCIGP model in handling the risks inherent in

the determination of NPVB criterion, the uncertainty inherent in socio-technical and polit-

ical factors related to selection criteria, and problems of imprecision of input data can be

summarized as the follows.

Investment Outcorne IJncertainty:

1. The combination of the Contingency Index and FOSM analysis provides a means of

recognizing and quantifying various types of uncertainties inherent in the Benefit-Cost

analysis which are different from traditional engineering risks.

2. The use of the Contingency Index and benefit-cost historical data of similar completed

projects provides a basis by which to correct any over-and under- estimation of the

lower and upper bounds of benefit and cost components inherent in the original data

for potential projects. Such approach provides more reliable, and somewhat less biased

values than the purely subjective estimates of experts or DM's currently being used in

existing approaches.

3. The integration of the probability analysis of economic criterion within the

multiobjective-multicriteria portfolio optimizalion model provides a means of iden-

tifying the existence of'risky' projects and to articulate risk preferences in the project

selection process. This ability enables the proposed FCCIGP model to be used as an

approach for choosing between a number of projects, each with an uncertain economic

indicator.

4. The ability to perform trade-off analyses both between preferences for risks and un-

certainties and goals and criteria achievement and resources capacities, and between

commensurate and non-commensurate objectives with somewhat less complex inter-

action with the DM relative to other multiobjective techniques makes the proposed

FCCIGP modei attractive for the practitioner in water recources planning and man-

agement.
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Socio-technical and Folitical Factor Uncertainties

1. The integration of Point Allocation and Multiple Variable Regression models in the for-

m of scoring prediction regression model enables non-quantitative socio-political and

technical factors inherent in the agricultural production and marketing subsystems to

be recognized, combined, and quantified explicitly. This ability is required to improve

current practice in water resources planning that merely has been focussed only on engi-

neering and economic data in the processes of obtaining project approval (Chaturvedi,

7se2).

2. The combination of the Scoring Prediction Regression model and the Scoring Criterion-

Based Optimization enables the socio-technical and political factors uncertainties in-

herent in the agricultural production and marketing subsystem to be incorporated

into the optimization model for project selection. Recognition and incorporation of

such socio-technical and political factors uncertainties on an investment planning is

required to reduce excessive delays in utiljzation of newly completed projects due to

lack of recognition of such factors.

Imprecision of Input Data:

The use of Frzzy Set theory in the model enables uncertainty arising from imprecision of

qualitative data and incomplete knowledge of quantitative data inherent in the setting of

target goals, in the specification of budget limits, and in the preferences toward uncertainty,

to be evaluated and incorporated in the decision making process.

E "4 Cor¿cl¡¡sron

Experience with the integrated SDP-FCCIGP model on the basis of its application to the

problems of water resources investment planning in an uncertain budgetary and outcome

environment, with particular reference to the situation in Indonesia, suggests that it is a

useful technique for examining such types of uncertainties. It provides operational guidance

for almost ali critical issues in pubJic investment planning such as:

280



1. budgetary uncertainty in that it provides the optimal planning / funding decision

representing the best combination of projects to be implemented at any stage of the

planning horizon given an existing level of development and the extent of the funding

received in the previous scheriuling horizon : the goal and selection criteria preferences,

and an anticipated budget scenario,

2. uncertainty in investment outcomes in that it provides means of identifying "risky"

projects and displaying the trade-off between goal achievements and the various levels

of confidence limit on the NPVB criterion thereby enabling the attitude toward risk,

i.e., "risk taker" or "risk averter,"to be incorporated in the model formulation,

3. providing a means of obtaining and measuring the social end effects of projects in such

a way that they can be directly incorporated into the optimization

4. imprecise input data by applying fiizzy set theory in the model formulation,

5. managerial concerns related to optimal project scheduling, project unity, project de-

pedencies, and optimal annual budget allocation by performing these tasks within the

determination of the best portfolio of projects for each time period,

6. determination of optimal scheduling horizons with respect to potential interruptions

due to external factors beyond the control of DM.

In addition to providing an operational framework for handling the various types of uncer-

tainties inherent in publìc investment analysis, the procedures developed in this study may

contribute to enriching the existing "hand" purely mechanistic mathematical models by pro-

viding a means of incorporating a subjective or intuitively-based approach which has the

specific abil-ity to handle 'soft (subjective) data' into a formal model. Such "softening"is

required to handle real world problems that are, in fact, neither purely analytic nor purely

intuitive; rather, they combine both components in an intricate interaction. This integration

in the so-called "meta-modelling" enables subjective information, judgments and insight re-

flected in the quaììtative data to be directly incorporated in the optimization models through

the following approaches:

1. Collective Opinion Techniques:
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The AHP which actually combines the four existing collective opinion techniques: 1)

Delphi method, 2) Market research, 3) Panel consensus) and 4) Visionary forecast (Saaty

and Vargas, 1991) is applied in this thesis to improve elicitation of individual or group

judgment(s) related to two types of uncertainties being addressed in this study. For budgetary

uncertainty, the AHP method, in combination with a scenario-based model, is applied to

generate transformation probabilities in the SDP and to estimate the possibility ratings of

each scenario of future budget availability for investment. Similarly, for the second type

of uncertainty, i.e., investment outcome uncertainty, the AHP method is applied to elicit

preferences toward risk represented in various levels of confidence ümits on the economic

criterion. In summary, such improvements are as follows:

ø It provides a means of enabling the preferences toward uncertainty to be determined by

a political process in which a large number of assessor might participate. This feature

is in contrast with existing procedures in which such preferences tend to be determined

individually and rather abritrarily without rational explanation for such assessment.

ø It provides a means of checking the consistency of each assessment from each assessor. If
the calculated consistency ratio is less than a minimum acceptable ratio, the assessment

is returned to the assessor for reassessment.

2. Quantification of Non-quantitative Social Factors:

The combination of the scoring prediction regression model (integration of point allocation

and multiple variable regression models) and the modified partitioning algorithm enables non-

quantitative social factors to be incorporated in the optimization modei and decision process

for determining the funding levels to anticipate and the projects to implement with each

possible funding level. Such ability is required for approaches which are used as a tool in a

public investment planning decision making process. However it is particularly important in

addressing deficiencies of water resources investment planning anaiysis in developing countries

which are focussed on using only engineering , economic and financial data analysis in the

project planning without giving adequate attention to the social-technical and economic

factors as agricultural production and marketing subsystems relevant for such objectives.
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In addition of such contributions, the following improvements in the probabilistic analysis

of economic criterion using the FOSM analysis and existing chance constrained programming

are worthy of note:

1. Improvement in Estimation of {Jncertain Farameters in the FOSM analysis:

The use of the modified contingency index and historical data of the similar completed

schemes provides a means of correcting any under and over estimation of costs and

benefits of the original data of the project under consideration. These upper and lower

bounds are employed to estimate 'probabilistic' economic performance expressed in

terms of the mean, upper, and lower values of NPVB criterion of potential projects.

Such estimation provides a more reliable result, and somewhat less biased estimate,

than the subjective estimation of experts or decision makers as is currently still being

used in the existing approaches which applies FOSM analysis, e.g., Goicochea et al.,

(i982), Dandy (1985), and Tung (1992).

2. Improvement of existing Chance Constrained Programming:

The use of Frzzy Set Theory alleviates some of the limitations inherent in the existing

Chance Constrained Programming, such as arbritrary choice of levei of confldence

limits and unsatisfactory quantification of the effects of constraint violations. The other

advantage, compared to the crisp problem formulation, is that it does not force DM to

specify the problem being addressed into a precise formulation because of mathematical

programming reasons when he or she might only be able, or willing to describe his/her

problem in fuzzy terms.

8.5 Recor¡arner¡.datåor¡ fon F\rttlre \Mork

Although the procedure for incorporating social and poJitical factors into the planning model

for resources development represents an important step towards more informed and compre-

hensive decision making for water resources investment, there are a number of elements in the

process of incorporating the social political factors that need further research. In particular

at present the methodology does not guarantee that all or at least most of the importan-

t social and political factors are in fact included in the analysis. Furthermore, there are
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problems in quantifying (specifying and measuring) these social and political factors in ap-

propriate manner. These problems are exacerbated when the social and politicaJ. factors are

extrapolated into the future. Such problems exist for the engineering/scientific factors which

impact on the decision making process but are more acute for social and political issues. The

development of process for quantifying these sociaJ- economic parameters appropriately is an

area requiring additional research.

Similarly, the introduction of normative elements into what is essentially meant to be an

engineering or scientific process and the associated implications of using the value judgements

that accompany those elements needs further detailed research before the level of confidence

desired in the outcomes of the process can be achieved.

The other areas within this study that need further investigation are: 1) it is necessary

to extend the formulation to address the existence of interrelated projects. This extension

need a substantial modification of the formulation of the deterministic equivalent of chance

constraint; 2) development of an exact deterministic equivalent of the probabilistic constraint

instead of the approximation (linearization) of the non-linear deterministic equivalent cur-

rently adopted; 3) formulation of an exact anaJytic probability distribution of the economic

criterion rather than the current approximate approach under the normaüty assumption used

for the FOSM analysis; 4) extension of the definition of scenario of future budget availability,

especially for the undetermined budget scenario. At present the range associated with this

scenario seems too large. Refinement or extrapolation may be needed; and 5) at present the

cost escalation coefficient to penalize any discrepancies between planned and actual funding

is expressed in the form of linear scaie of judgment. A more accurate function such as a

non-linear utility function may be required.
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Table 4.1: Physical Potential Scoring Data of the Completed Irrigation Projects to

Determine the Regression Parameters of the Scoring Prediction Model for the Physical

Potential and Environmental criteria of the Potential Projects

PROJECT XUHEER LOCAIIOI|
AHO HÂJ'{E (PROVII¡CÉ)

PHYS I CAL

POTÉHf IAL
scoRÉ(Í)

coNstIlrlEHfs cRf fERtoil (i)')

SATER LÁNO

AVAI LABILIIY FERf ILITY
ORAIHAGE LA}¡O SIÍE

coNotTf0N 0tsTRtEuf loH LocÂf loH
IOPOGRAPHY

coHo I T loH
LÂNO

USE

90
70
80

100
70
85
8¿
80
70
8t

E6
80
75
82
85
92
90
90
92
95
9?
90
62
90
80
85
81
85
90
93
e6
8¿
90
8,6
80

88 7A 90 100 80
65 70 ó0 ó0 50
80 70 ó€ 100 60

95 100 75 80 80

65 75 70 6? 5ó
78 80 80 100 85

70 7L 75 6A 67
T2 70 75 80 70

80 85 é5 95 ó8

78 67 ó0 100 ó1

80 82 7t, 85 6Z

78 70 85 95 78

78 80 70 85 67
70 74 70 78 61

72 7A 70 80 65

80 85 87 88 62

87 90 95 85 85

89 90 95 65 100

87 90 90 80 100

8ó 90 90 90 100

85 90 90 90 100

78 89 90 9Z 95

88 90 90 88 100

76 65 70 80 62
89 90 90 90 83

78 85 78 85 95

78 90 8,1 90 72

7r, 85 80 8ó ó5

70 80 90 90 100

90 90 90 8ó 100

90 89 92 a7 100

78 90 83 90 80

T2 8ó 78 80 70

8¿ 90 90 90 100

79 80 80 85 85

7580ö6080

90
ç(ì

90
ó5
76
90
70
76

76
78
75
80
83
7A
75

87
90
88

89
70
88
80

78
8a
90
81
T7
8ó
80
76

70
95
80
óa
75
75
67
85
78
TZ
80
7A

7A
82.

8¿

85
76

80
8ó

76
EO

65

89
8Z

79
7A
7A

1 RÁ}TA AGUIIG

Z SELUI{A

5 LAIS
4 JATfLUHUR

5 r,rAHJUlO
ó SENGKENAIIG

7 PEHAGO

8 lJÀUOTOET

9 XOKÁ¡I SENALÍ
,IO BEL¡TI
11 GUMBASA

12 SfT¡UIIG
1] EATU LICII{
14 SANGGÂU

15 TALOHEH

1ó PUNGGUR

17 TE'-UK LAOA
18 KEOU SELÂIÂI¡
19 our'tPfL
¿0 LoooYo
¿1 UÍoAS
22 KETRO

2f REIIÍAXG

?r+ ñAllTO
25 SAOANG

26 PAXUKULU

27 AfR HIPIS
28 HERO¡I
29 HAOURA

JO UARU ÍURT

51 SÉ¡{PoR
32 AIR RÁI{ÂH

33 POLEAXG

34 BAPANG

35 INORAPURA
Jó HARTSA

BÉHGKJLU
BEHGKULU

EEN6KULU
VEST JAVA

8EÑGKJLU
S€NGKULU
BEHGKULU

s.Ê. suLÂlJEs¡
8ÉHGKKULU

BEHGKULU

H. SULATIESl
U. SUHAÍRA

S. SUHAfRA
II. KÀLIHA¡ITAN
S. K.AL¡HAHTAI{

LAHPUNG

TJESI JAVA
CfRL. JÂVA

CTRL. JAVA
ÉAST JAVA

EASÍ JAVA
CTRL. JAVA

IJEST JAVA
B€}IGKJLU

S. SULAHÉSI
N. SULAIIÉS¡

EENGKULU

C. KALIHAHTAI¡
EASf JAVA

EAST JAVA
CTRL. JAVA
S. SUHATRA

KAL I HA}¡fAII
CTRL.. JAVA

U. SU¡IAfRA
H. SULAIJESI

iloTE: *) SOJRCE: OGURo PELIIA l-lV REPoRTS (1989)-
EcEol{ (1989) and PersonaI observations (1988'1989)

REGRESSIOI¡ RESULÍS:

Ànalysis of Yar ianc€

Sogtcs

Mode I
EtFor
c f ota I

Róot HsE
D€P Hêåñ
c.Y.

Ya. iaÞlo Dr

IHlERCEP

LANOFRl
TOPHC
LAilOUSE
DRAfN
s¡fELoc
LAHDDIST

Suc of
OF Squares F Yalue

43. ÊS4

o.9254
o. so6a

o.ats
o.9ao

o. 629
3.f14
o.6t3

o- tol

S quår e Prob>F

o. ooo l7 t36?.al23s 19s.40Í7?
2a llo.la?61 3.93527
35 I 478. OO000

I .94375 R-squar€
4o.66567 Adj R-sq

2 .45320

PåraE€t€f Est iEst€s

Pðrãñst el
Est iñ6te Prob ) lll

o.4199
o.33S3
0.oool
0.5347
o.oa42
o.5445
o. o?65
0. I 200

Standård T for Ho:
Earor ParaDetea:o

s.6694r7 6,32486O79
o,o7677S O.O?431768
o - 44 t 3O9 o. os?s3527
o.0381a9 o.o6069122
o.2o1a92 o.064"957?
o. o3526a o. o5748794
o. f 3rs4l o.otf 52973
o.oo4l t9 O,O4O623S2
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Table 4.2: Agricultural Production Scoring Data of the Completed Irrigation Projects

to Determine the Regression Parameters of the Scoring Prediction Model for the ASti-

cultural Production Factors Related to the Fa¡mer Readiness C¡iteria of the Potential

Projects

PROJECT HUI{SER AGRICULIURÀL
AHO HA¡{E PROOUCÍIOH

CR I IER ¡Â
scoRE (Í)

CCNSÍ ITUEHTS CRIfERIOH (X)*)

UTILIZATIOI{
OF EXISfING

SCHEHES

NUHBER

FÂR11ÉRS

PRCOUCIIOH USE OF fRRIGÂTfO{ AGEICI,JLIURAL OPER.ATIOH LAI¡O

OF EXISIING ¡¡EIJ EFFIC¡ÉNCY SUPPORI AHO O1]NERSH¡P

SCHEHE IHPUÏ OF EXISTfHG SER,VICE HÁINTEHAHCE
SCHEHE

6

9

RÁI'IA AGUNG

SELUHA

LAfS
JAf I LUHUR

MA}¡JUIO
8EI¡GKENAI{G
PE}IAGO
HAIJOfOB I
NOKåII SE!¡AL I

10 EELII¡
11 GUI'I8ASA
12 S¡TÍUHG
13 KÂLAÊNA KÁNAI¡,I4 EAIU LICIN
15 SANG6AU
1ó TALOHEI{
.I7 

PUTGGUR

18 ÍELUK LADA
,I9 

KEDU SELATAN
20 OU¡{PIL
21 LCOOYO

2U UIDAS
2f KETRO
Z/r RENÍAI¡G
25 NAHTO

2ó SAOAHG

?7 PAHUKULU
28 AfR nfPIS
29 I'rEROr¡l

30 HADURA

31 IJARU TURI

lu s€l,rPoR

35 A¡R RAHA¡I

34 POLEANG
35 BAPANG

3ó TIIDRAPURA
37 uÂR¡SA

85
LO

ó0
95
30

58
ôt
55

70
ó5
35
aa

3ó
71

ðt
96
91
89
95
9¿.

9L
i0
87
57
86
75
89
9¿
98
70

96
67
65

75
ó8
70
90
10
ó9
ó5
67
ó5
6?
ó8
78
74
10
t5
28
75
95
92
90
91
93
96
91
15
83
78
73

91

100
70

100
100

95
8ó
80
97
87
89
96
85
ó8
57
78

100
100
100
100
100
100
100
100

78
'100

95
'100

87
100
100
100
'100

90
100
100
a7

80
65
78
96
51
69
67
ó8
71
69
ó8
77
n
ó5
67
59
75

89
ôö

8ó
85
u
67
87
78
76
73
8ó
88
89

68
89v
67

ór
59
6?
tt
75
8¿
85
87

86

7?
76
58
61
ð¡
8¿
eó
72
6¿

70
65

76 56
63 15
ó8 ¿0

7A 68
51 30
61 38
58 35
62 32
57 ?8
58 25
67 L0
65 65
62 37
5¿ 25

57 Z3
52 31
78 53
76 72
80 75
71 65
78 67
79 70
T2 78
76 78
56 26
78 ó8
75 18
ó3 19
ó1 27
85 56
8ó 78
87 80
71 30
59 28
71 78
65 10
59 30

75
ó5
70
90

64
65
67
ó8
Òt
ó8
75
72
5L
5¿
63
76
78
85
83
79
81
82
79
59
76

ó5
6¿
8¿

85
T3
67
7A
75
71

T5

61
79
53
57

56
57
5Z
51
6¡
58
5ó
52
51
ôl
62
ó8
67
65
ó8
61
ó5
53
ó8
ó3

ot
7¿
76
ó8
58
75
61
5ó

70
ó0
65

100
L8
65
ó1
67
ó8
62
67
7L

89
91
85
75
9Z
78
75

tlOfE: SoURcE: r) 0ct'tR0 PELITA I-fv REPORIS (1989)

RE6RESSION RESULIS:
Ànalysls ot YaFiancc

Sud of
OF Squar€s F Yãluã Prob)FS auåa e5ouacc

Hode I
Error
C Tota I

Root HS E
DêÞ M€åñ
c.v.

Yår labl6 DF

fXfERCEP
UTEXSYS
NOFARM
PROOEX
US€IHPUf
TRREFF
AGRSUPP
OH
LÂHOOWN

8 l5A4{'65026 lgaO'Sa2S3 ta'211
2A 3035.23163 10¿.40113
36 I aa79. a9l a9

lO,4llSS R_sqsa.e o.4392
6a.94595 Adj R-Sq o-7933
f s- lolo9

0.000 I

ParaB€t €a gst i Eåt es

Pardñét oa
Est i nåt e

s!ãnd¡ad T for Ho:
Errof PðrsF€te.:o PFoè ) l1l

-43-201522 26.35395S51
O.362016 O.2454993d
o.39 1 673 O.25347243
0.367441 O.64459192

-o,l3sla3 O.48530609
o.s6112A o-489O6995

-o.2?6E95 0.56568646
-o.os?593 0.4212E440
o.4r6294 o.2o31544S

L 449
l. s45
o.5€6

-O. 29 t
1.2rO

.O.4I6
-a. t31
2.Oag

o. I 123
o. t5a4
o. r33s
o.5756
o-7736
o.2363
o.6ao6
o - a322
o - o49 9

301



Table 4.3: Score of Selection Criteria (PPE, ERF, and FRD) and Number of Trans-

migrant and Irrigation Area for Each Potential Project on Stage 1

NO PROJECTS NAI'IE PROVINCE PROJECT PHYSICAL EXISTING

TYPE POTENTIAL RICE

SCORE FIÊLDS

<%) scoRE(%)

FARI'IER TRANSHIGRATION

READINESS SUPPORT

SCORE (NUI'IBER OF

<%) FAI'IILIES)

AREA

(HA)

1 KRUENG BARO ACEH

2 NORTH SUI'{ATRA N. SUI'IATRA

3 PASAMAN !'JEST SUMATRA

4 BATANG KUI'IU RIAU

5 LIMUN SUNGKAT JAMBI

ó KOMERING S. SUI'IATRA

7 BAAL S. SUMATRA

8 IJAY ABUNG LAMPUNG

9 I.JAY PEDADA LAI'ÍPUNG

10 ALAS BENGKULU

11 MANJUTO KANAN BENGKULU

12 TELUK LÂDA IJEST JAVA

13 JATIGEDE IJEST JAVA

14 JRATUNSELUNA CENTRAL JAVA

15 DUMPIL

1ó MADURA

CENTRAL JAVA

EAST JAVA

17 EAST JAVA II'IP. EAST JAVA

18 SANGGAU LEDO I]. KALIMANTAN

19 KASAU C. KALIHANTAN

20 RIAI'I KÄNAN S. KALIMANTAN

21 TORAUT BONGO N. SULAIJESI

22 TAOPA C. SULATJESI

23 KALONG C. SULAI.JESI

24 BOYA S. SULAI.IESI

25 SAN REGO S . SULAI,JES I

2ó WAI.IOTOBI S.E. SULAI.JESI

27 DATARAN KOBI ¡IALUKU

28 I,JIMBO ERANG IRIAN JAYA

29 IRIGAS¡ BALI BALI

30 EMBUNG NTB IJEST NUSA TG.

31 KALII'IANTONG IJEST NUSA TG.

32 IRIGASI NTT EAST NUSA IG.
33 EMBUNG NTT EAST NUSA TG.

16n2 NEIJ

41 000 NEIJ

1926 NEr,r

13800 NEIJ

25OO NEH

55904 NEr{

5500 NEIJ

5000 NEr,r

13550 NEIJ

1100 NEIJ

10000 NEr.r

18923 NE|J

130158 NEr.r

74537 NErl

25415 NEIJ

2580 NEIJ

143042 REHAB.

555 NEIJ

5000 HEIJ

12000 r{ElJ

7820 NEIJ

8000 NEH

1200 NEr{

10000 NEH

7500 NEIJ

21200 NEIJ

1950 NEW

1963 NEr"¡

34?5 NEl{

1520 NErl

285 O NEIJ

33óO GROTJND I.JT

8276 NEW

82.53
83.80
85 .83
79.91
80. 14

83.74
84.91
81.79
85 .20
83.07
76.2.4

87.47
88.72
88.01
88. ó0

85 .8ó
89. Bó

80 .43
79.11
81.54
83 .15
84.34
84.11
83.77
87.01
87.49
87.18
86.29
89.04
88.01
BB. óO

89.19
88.45

46.86
53.12
52.21
28.10
51.ó0
42.15
62.73
73.60
69.14
76.14
12.00
80.ó4
99.54
95 .59
92.82
84 .03
99.31
90 .09
35.ó0
56.21
58.62
47.31
ó8.58
ó5 .86
81.ó5
4l -¿t
50.26
18.14
93.13
93.42
50 .88
88. ó9

87.36

ó0.35
67.89
76.91
49 -24
18.67
63.97
6¿+.27

73.92
72.07
70-89
42.35
76.99
81.95
83.21
82.26
73.10
84.64
50.99
46.30
55 .56
58.78
51.17
)J.) I

72-02
67.95
67.88
65.12
)< 9)

90-45
88.38
85 .81

84.94
83.61

5000
0

0

5000

500

1 0000

0

0

0

0

4000

0
n

0

0

0

0

0

1 000

1 500

1 000

3000

500
2500
1 500

ó000

500

500,0
0

0

0

0

NOTE : REHAB. = REHABILITATION PROJECT

GROUND WT = GROUND UATER PROJECT
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Table 4.4: Score of Selection Criteria (PPE, ERF, and FRD) and Number of T¡ans-

migrant and Irrigation Area for Each Potential Project on Stage 2

PROJECT NU¡iIBER LOCAT ION

AND NAME (PROVINCE)

PROJECT PHYSICAL

TYPE POTENTIAL

SCORE

(7")

EXISTING FARI'IER TRANSI'IIGRATION

RICE READINESS SUPPORT

FIELDS SCORE (NUMBER OF

SCORE (%) <%) FAMILIES)

AREA

(HA)

1 KRUENG ACEH ACEH

2 IRIGASI ACEH ACEH

3 IRIGASI NIAS }¡. SUMATRA

4 IRIGASI SUHUT N. SUMATRA

5 BT. KALULUTAN I.J. SUMATRA

ó IRIGASI SUI'IBAR IJ. SUMATRA

7 BATANG TESO RIAU

8 PEI'IATANG L I I',II T JAMB I

9 I4USI RAI.JAS S. SUMATRA

10 MUI¡CAK KABAU S. SUMATRA

11 IRG. KECIL LPG. LAI'IPUNG

12 IRIGASI LAI'IPUNG LAI'ÍPUNG

13 NOKAN KANAN BENGKULU

14 PENAGO BENGruLU

15 IRIGASI BENGKUL BENGKULU

1ó TANJUNG IJEST JAVA

17 KARIAN UEST JAVA

18 IRG, I.IEST JAVA tlEST JAVA

19 IRG. CTRL JAVA CENTRAL JAVA

20 LOSARI EAST JAVA

21 MEROWI IJ. KALII'IANTAN

22 IRG. KALTENG C. KALIMANTAN

23 IRG. KALSEL S. KALIMANTAN

24 TANGKUP N. SULAIJESI

25 TAOPA LAI'IBUN C. SULAIJESI

2ó BONTA I'IANA I S. SULAIJES I

27 BILI-BILI S. SULAIJESI

28 POLEANG S.E. SULAT.JESI

29 ARSO IRIAN JAYA

30 IRIGASI BALI BALI

31 IRIGASI IJ. NTB IIEST NTB

32 IRIGASI NTT E. NUSA TGR.

24000 NEU

30000 RElrAB.

8000 NEr.r

5OOOO REHAB.

4600 NE\J

2OOOO REHAB.

2960 NEW

2200 NEIJ

15800 NEn

10700 NEIJ

5000 NEIJ

4OOOO REHAB.

1500 NEIJ

10000 NEIJ

15OOO REHAB.

55ó8 NEW

'10300 NEIJ

24200 REHAB.

82942 REHAB.

4180 N ElJ

2077 NEW

4000 NE1J

17682 NEIJ

3/,00 NEIJ

7100 NEIJ

7800 NEIJ

26050 NEIJ

2530 NEt¿

3638 NEIJ

lOOO GROUND TJT

7667 NE|J

8531 NEIJ

8ó.ó0
85.89
85 .84
89.04
88. 15

89.19
84.90
85.08
86.71
88.34
88. ó3

90.1ó
87.64
81.8ó
84.22
88.31
BB. 03

90 .52
90 .9ó
90 .88
83.31
83 .20
85.ó8
85.79
84.67
87.56

BB.3 1

86.02
90.04
89 -47
88.99

5000

0

0

0

0

0

500

700
3000

2000
0

0

0

2500
0

0

0

0

0

0

700
1 000

3000

1 000
3000

700
5000

700
1 500

n

0.
0

52.50 ó6.55
98.50 70.64
70.88 59.53
97.92 7ó.80
73 .91 80 .85
99. 00 8/+.8ó

13.24 54.09
67.55 57.00
61.27 73.04
63.36 72.19
70.00 77.70
99.18 84.25
65 .73 70.36
15.82 64.02
90.67 69.37
81.18 81.ó4
87.77 ü.n
98.61 84.01
95.66 82.50
95.22 85.19
13.11 55.91
59.00 51.73
59.1 0 58.03
55.59 62.16
51 .76 63.31
58.85 70.74
76.05 71.11
61.66 68.62.

29.96 49 -20
98.00 95.92
ó0.00 83. 81

70.57 84.16

NOTE: REHAB. = REHABILITATI0N PROJECT

GRCI{JND tJT = GRoUND TATER PROJECT
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Table 4.5: Score of Seleciion Criteria (PPE, ERF, and FRD) and Number of Trans-

migrant and Irrigation Area for Each Potential Project on stage 3

NO PROJECTS NAME PROVINCE PROJECT PHYSICAL EXISTING

TYPE POTENTIAL RICE

SCORE FIELDS

o") scoRE(%)

FARIIER TRANSMIGRATION

READIHESS SUPPORT

SCORE ( NUI'IBÊR OF

(%) FAI'IILIES)

AREA

(HA)

1 KRUENG JRUE ACEH

2 BT. INDRAPURA I,¡EST JAVA

3 SUNGAI MURAI RIAU

4 BATANG ULOH JAMBI

5 BELITANG S. SUI'IATRA

ó LEMPOING S. SUI|IATRA

7 TULANG BAI.JANG S. SUùIATRA

8 BUI'II AGUNG LAMPUNG

9 MESUJI II LAMPUNG

10 BENGKENANG BENGKULU

2365 NEW

2678 NEIJ

12000 NEr{

500 NEI.J

20ó00 NEIJ

13100 NEH

11500 NEiJ

3150 NEIJ

20980 NEIJ

5000 NEI.J

6277 NEU

8900 NEIJ

5OOOO REHAB.

24000 NEIJ

7750 NEIJ

5OOOO REHAB.

2300 NE\.r

7750 NEIJ

75OOO REHAB

15000 NEIJ

1610 NEW

8000 NEÌJ

1!+056 NEW

3500 NE1J

41 00 NEIJ

1748 NEl..l

59800 NEW

2720 GROUND IJT

9054 NEIJ

8530 NEW

58.27 64.86
70.58 72.01
30.67 53.94
13.80 59.02
62.18 71.95
77.86 74.89
67.12 70.12
71.60 n.70
74.69 76.82
79.80 75.58
90.01 83.44
87.64 85.18
9ó.ó0 89.68
94.91 91 .31

87.10 90.42
146.56 91 .77
95.87 98.?6
95 .32 93.54
99.44 99.41
37 .85 53.36
45.69 ó8.35
17.25 74-29
64 -88 71 .71

79.00 74.10
72.85 78.37
60.97 76.28

5 .35 13.30
95.22 84.79
88.14 86.23
82.39 83.43

13 IRG. IJEST JAVA IJEST JAVA

14 KEDU SELATAN CENTRAL JAVA

15 BANJAREJO CENTRAL JAVA

1ó IRG. CTRL JAVA CENTRAL JAVA

17 LESTI LEFT EAST JAVA

1B I.JIDAS EAST JAVA

19 IRG. EAST JAVA EAST JAVA

11 SADATJARNA

12 CIBEBER

20 SEBANGUN C.

21 BATU LIC]N S.

22 IRIGASI SULUT N-

23 PARIGI POSO C.

lJEST JAVA

TJEST JAVA

87.51
89.31
85 .71

84.06
86.51
88.08
88.77
88.29
8A.77
88.22
89.48
89.04
91.21
90.75
91.51
92.17
93 .83
92.10
93.74
78.32
87.1 0

88. ó4

8ó.91
87.77
88.90
88.1ó
84.47
90 -12
89.28
87.56

0

0

4000

0

3500

2000

8000

0

1 000

0

0

0

0

0

0

0

n

0

0

5000

1 500

1 500

2500
0

0

1 000

20000
0

0

0

24 SIDRANG

25 CENRANAE

KAL IMANTAN

KAL I MANTAN

SULAI.JES I

SULAIJES I

SULAI,JES I
SULAI,JES I

c.
S.

2ó KÀLAENA KANAN S. SULAIJESI

27 MAPPI IRIAN JAYA

28 IRG. NTB I,J. NUSA TGR.

29 PELORA I.J. NUSA TGR.

30 IRG. NTT. E. NUSA TGR.

NOTE: REHAB. = REHABILITATION PROJECT

GR0UND IJT = GROUND TJATER PROJECT
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Table 4.6: Score of Selection Criteria (PPE, ERF, and FRD) and Number of Trans-

migrant and Irrigation Area for Each Potential Project on stage 4

PROJECT NUMBER LOCATION

AND NAME (PROVINCE)

PROJECT PHYSICAL EXISTING

TYPE POTENTIAL RICE

SCORE FIELDS

(%) scoRE(%)

FARI'IER TRANSMIGRATION

READ I NESS SUPPORT

SCORE (NUMBER OF

(Y.) FAI',II L I ES )

AREA

(HA)

1 IRIGASI ACEH

2IRIGASI SUI4UT

ACEH

N. SUIIATRA

3 IRG.KECIL SUMBAR I.J. SU¡IATRA

4IRIGASI SUI'IBAR H. SUI'IATRA

5 IRG. KECIL RIAU RIAU

ó IRG. ULAK BERAS JAMBI

7 IRG.KECIL SUMSEL S. SU¡IATRA

8 RUPIT S. SUHATRA

9 IRG. SUI'ISEL S. SUMATRA

10 AIR I'IALUS S. SUMATRA

11 AIR TALANG NIUR S. SUMATRA

12 AIR LII'IAU S. SUIIATRA

13 LOl¿,ER KOl'lER I NG S . SUMATRA

14 LOWER LEMATANG S. SUHATRA

15 IJAY TAHI'II LAÈIPUNG

1ó !.JAY MESUJI II LAMPUNG

17 I{AY BUAYA LAMPUNG

18 ÀIR SELAGAN BENGKULU

19 IRG. I.¡EST JAVA I.J. JAVA

20 JRAGUNG CTRL. JAVA

21 KEDUNGWARU CTRL. JAVA

22 IRG. AIR TANAH CTRL. JAVA

23 IRG. CTRL. JAVA CTRL. JAVA

2/r BENG EAST JAVA

25 IRG. EAST JAVA EAST JAVA

26 BATANG ALAI S. KALII'IANTAN

27 BARABAI S. KALIMANTAN

2B IRG. KECIL NTB IIEST NUSA TGR

29 BATU BULAN I.JEST NUSA TGR

30 IRG. C,SULAI.JESI C. SULAI{ESI

31 BILA S. SULAI.JESI

32 KUTI IRIAN JAYA

20OOO REHAB.

3OOOO REHAB.

19512 NEr.r

2OOOO REHAB,

1165 NEI.J

5OO NEIJ

17100 NEW

1 1000 NE[.J

2OOOO REHAB.

8800 NEH

4500 NEIJ

7000 NEI.J

22174 NEIJ

1 1070 NEIJ

5550 NEH

18750 NEI.J

4B8O NEIJ

1 1000 NEr¡

ó5OOO REHAB.

12200 NEr{

1330 NEI.J

23?0 NEr.¡

SOOOO REHAB.

3200 NEI.J

75OOO REHAB.

62?0 NEU

2?80 NEU

1 15 18 NEIJ

7000 NEr¿

6410 NEI.J

21010 NEW

71000 NEIJ

93.75 77.10
95.95 8?.99
64.73 81.92
93.82 85.06
84.55 70.62
95.00 72.63
61.75 77.95
45.32 78.36
93.75 81.62
52-81 78.48
59.33 79.75
78.00 78.33
ó1 .18 78.64
56.33 77 .92
66.31 82.35
48.67 82.29
54 -92 81 .11

34 .36 58 - 3ó

97.62 87.56
85.72 81 .31

92.18 83.ó9
90.52 87 .01
99.00 90.52
80.00 89.39
97.60 93.11
50 . 1ó 78.70
11.74 79 -51
54.09 82.04
62.54 83.67
15.09 69.49
45.63 72.90
ó.08 58.70

89 .03
89 -79
89.22
90. 10

8ó.18
86.30
87.?8
88.52
90.02
BB. óó

88.28
88.79
88.93
88-5ó
89.61
88.08
89. 55

84.94
91 -04
89.34
89.5 0

91.01
92.16
90.17
91 .20
88 .05
85.?7
89.01
89.72
87.78
88-76
87.39

0

0

0

0

0

0

0

2000

0

1 500
500

2000

5000

2000
0

0

0

3500
0

0

n

0

0

0

0

1 500

500
0

0'

2000

45 00

35000

NOTE: REHAB. = REHABILITATION
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Table 4.7: Score of Selection Criteria (PPE, BRF, and FRD) and Number of Trans-

migrant and Irrigation Area for Each Potential Project on stage 5

PROJECT NUMBER LOCATION

AND NAME (PROVINCE)
AREA PROJECT PHYSICAL EXISTING

(HA) TYPE POTENTIAL RICE

SCORE FIELDS
(iL) (%)

FARMER TRANSI'I I GRAT I ON

READINESS SUPPORT

SCORE (I'IUNBER OF

(%) FAMILIES)

1 IRG. ACEH ACEH

2 IRG. SUMUT N. SUMATRA

3 AI'IPIK PAREK IJ. SUI'IATRA

4 PERJAYA S. SUI'IATRA

5 LEI'IAIANG S. SUMATRA

ó LAKITAN S. SUMATRA

7 BATANGHARI S. SUI'IATRA

8 SEKAYU LUPATAN S. SUMATRA

9 AIR LEBAK BUNGUR S. SUMATRA

10 AIR RATAN S. SUMATRA

11 IJAY HITAI'i S. SUI'IATRA

12 BELITANG S. SUMATRA

13 WAY SAKA LAMPUNG

14 UAY HESUJI III LAMPUNG

15 BUNGIN TAMBUN BENGKULU

1ó I'IAYA WEST JAVA

17 TELAGA HERANG I.JEST JAVA

18 CII'IULYA t.lEST JAVA

19 CINIRU LJEST JAVA

20 GUNUNG IJULAN CTRL. JAVA

21 GLAPAN CTRL. JAVA

22 IRG. AIR TANAH EAST JAVA

23 IRG. EAST JAVA EAST JAVA

24 Ai4ANDIT S. KALIMANTAN

25 TAPIN S. KALII'IANTAN

26 CTRL . SULAI.IES I CTRL SULAI.JES I

27 I'IALUSO S. SULAWESI

28 LANGKONE S. SULAI.JESI

29 WALANE S. SULAIIESI

30 PADANGENG S. SULAUESI

31 KIAS IRIAN JAYA

32 IRG.KECIL NTB I,JEST NUSA TGR

33 PELA PERADO WEST NUSA TGR

15OOO REHAB.

15OOO REHAB.

2365 NÊll

21555 NEIJ

11070 NEI.J

11ó00 NEIJ

13000 NEIJ

8ó00 NEt{

8344 NEU

13830 NEIJ.

5705 NEIJ

8750 NE|,J

12600 NE|J

15820 NEIJ

8000 NEI{

2900 NÊt.l

7700 NEIJ

B35O NEIJ

2976 NEU

21838 NEIJ

19050 NEH

4300 NEIJ

3OOOO REHAB

ó430 NELJ

5330 HEIJ

6087 NE[.J

1 1 10ó NE1J

16398 NEIJ

2ó000 NEH

4200 NEl.l

óó000 NEIJ

12040 NEW

7000 NEIJ

89.99
91 .38
88. 21

89.47
89.05
88.37
88.50
8ó.9ó
87.92
88.51
88.r5
87.59
88. ó4

87.17
85 .23
90.23
91 .04
91 .65
90.35
90 .75
90.ó9
91.18
92.41
85.10
83.54
82.92
84.59
8ó. ó9

8ó.91
85 .94
85 -54
Bó.óO

86.66

0

0

0

3000
2000

1 000

2500

1 000

1 000

3000
1 000

500

0

0

1 000
0

0

n

0

0

0

0

0

1 500
1 000

3000
2000

3000
5000 '

1 000

30000
0

0

93.23 79 .54
97.17 84.69
88.79 85 . 09

53.1? 79-75
51.22 82.82
5ó.03 82-53
67.31 81.57
73.81 83.75
47 -76 83.5ó
5ó.9ó 81.2?
67.92 84.8ó
67.37 86.12
66.19 86.37
57.07 8ó.83
40.98 72.33
9ó.38 88.42
93-61 88.99
93.72 87-ó0
90.22 88.99
90.58 88.44
98.22 88-43
93.26 90.74
99.66 91.04
77.15 80.84
75.23 80.70
66.17 78.02
54.28 78.24
78.0ó 79 -38
76.50 79 -72
70 .95 80 .45
5.89 68-79

89.70 82.92
86.00 82.32

NOTE: REHAB. = REHABILITATION PROJECT
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Table 4.8: Benefit and Cost Data of the Completed Irrigation Projects Located in

Developed Regions In Java fo¡ Determining the Contingency Index of the Potential

Projects

PROJECT NUMBER

AND NAME

BENEFIT")

ESTIMATED ACTUAL

BENEFIT BENEFIT
(Ha) (Ha)

cosT** )

ËSTIMATED ACTUAL

COST COSÏ

($ 10^ó) (s 10^ó)

1 Jati Iuhuc
2 Ciujung-Cisadane
3 Rentang
4 Ci rebon
5 Cidunian
ó Tetagaherang
7 I'lanenteng
8 Jengketok
9 ci Iutung
10 Tetagaherang
11 Cibebe¡ area
12 Bodas

13 Gtapan Sedadi

14 Jragung
15 Ktambu

1ó Cacaban

17 Sempor

1B Semarang Barat
19 Jawa Tengah
20 Gambarsari

21 Lodoyo
22 Ketro
23 Bapang

24 Kedu Selatan
25 Dumpi L

2ó tJidas
27 l.Jarujayeng

28 Turi-TunggoFono
29 Brantas Detta
30 Madura

31 Jatim
32 Nganjuk
33 Tetuk lada

110000.00 130000.00
29500.00 .24200.00

91200.00 97800.00
89800.00 821ó0.00
1ó000.00 1 1200.00
8900.00 7700.00

10500.00 8350.00
9400.00 8275.00
ó500.00 5870.00
7700.00 ó700.00
8900.00 7800.00
5400.00 3400.00

39500.00 37200.00
35000-00 3ó000.00
38500.00 37000.00
15000.00 14000.00
35000.00 39300.00
12800.00 139ó0.00
12500.00 13100.00
28000.00 26000.00
30000.00 28000.00
1000.00 1200.00
1ó00.00 1800.00

1 1000.00 12000.00
24500.00 25000.00
5500.00 5800.00

24000.00 2ó500.00
18800.00 19500.00
19000.00 21500.00
ó500.00 5800.00

23000.00 24000.00
18000.00 20000.00
9500.00 8500.00

330.00 3ó3.00
53.10 58.41

186.96 209.40
152.66 160.¿9
30.53 33.58
16.64 15.81
21.63 24.87
19.93 22.52
14.37 1?.93
17.71 16.29
20 -65 18.79
1 1.50 13.23

94.80 113.76
112.00 128.80
112.81 121.09
40.50 51.84
98.00 127 -40
36.18 37.21

27.50 30.80
82.04 91.06
86.40 96.77
2.70 3-11
4.48 4.93

29.15 33.52
72.28 80.23
15.90 17.96
65 -04 7t+.80

52.61 54.75
10 .09 t+1 .29
18. 59 22.31

62.56 70.69
46.80 53.82
25 -9t+ 28-53

N0TE: *) Benefit accrued from the compteted projects is estimated in
proportion Hith the irrigation areas developed during 5 years
after projects comptetíon.

**) Estimated Cost = Cost estimated during design stage.
ActuaI Cost = ActuaI cost reported after projects comptetion.

Source: DGURD Petita I-lV Reports (1989).
RESULT: Average of ActuaI Benefit = 0,9ó5 Average of Estimated Benefit

Average of ActuaI Cost = 1.104 Average of Estimated Cost
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Table 4.9: Benefit and Cost Data of the Completed Irrigation Projects Located in Un-

derdeveloped Regions Off Java for Determining the Contingency Index of the Potential

Projects

BENEFIT*) c0sT** )

PROJECT NUMBER

AND NAME ESTII'IATÉD ACTUAL ESTII'IATED ACTUAL

BENEFIT BENEFIT COST COST

(Ha) (Ha) ($ 10"ó) ($ 10^ó)

1 Si t iuns
2 Gumbasa

3 Luwu

4 Sadang

5 OKU

ó OKI

7 Lahat
B Mura
9 l.lay Rarem

10 Tutung t'las

1'l Way Umpu

12 Ktingi
13 Punggur
14 Air Raman

15 Gegas

1ó Tutung Mas

17 tlay Curup
'18 tJay Ketibuns

8000 .00
ó030.00

1 4000 . 00

21 000 . 00

4500 .00
9000. 00

1 2900 . 00

8700. 00

25000 _ 00

1 2000. 00
8900.00
B1 00. 00

28500. 00

ó300.00
2700. 00

3200. 00

2??0.00
1 ó00. 00

7000. 00

5ó00 _ 00

1 5500 .00
20000.00
3935.00
7ó00.00

11400.00
7ó00.00

22000.00
1 0500. 00

75ó0 .00
9700.00

30800.00
5800. 00

2200 .00
2950.00
2ó00. 00

I750-00

8000.00 7000.00
ó030.00 5ó00.00

14000.00 15500.00
21000.00 20000.00
4500.00 3935.00
9000.00 7ó00.00

12900.00 1 1400.00
8700.00 7ó00.00

25000.00 22000.00
12000.00 10500.00
8900.00 75ó0.00
8100.00 9700.00

28500.00 30800.00
ó300.00 5800.00
2700.00 2200.00
3200.00 2950.00
22?0.00 2ó00.00
1ó00.00 1750.00

NOTE: *) Benefit accrued from the compteted projects is estimated in
proportion Hith the irrigation areas devetoped during 5 years
after projects comptetion.

**) Estimated Cost = Cost estimated during design stage.
ActuaI cost = ActuaI cost reported after projects compIetion

Source: DGI"JRD Pet i ta I - Meports ( 1989).
RESULT: Average of ActuaI Benefit = 0.945 Average of Estimated Benefit

Average of ActuaI Cost = 1.170 Average of Estimated Cost
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Table 4.10: Benefit and Cost Data of the Completed Irrigation Projects Located in

Developed Regions Of Java for Determining the Contingency Index of the Potential

Projects

BENÉFIT*) c0sTd)
PROJECT NUMBER

ANO NAHE ESTÍHAIED ACTUAL ESfIHAÍEO ACTUAL

SEilEFIT EEHEFII COST COST

(Ha) (Ha) (S 10^ó) (s 10^6)

1 Atabio
2 Rama Agung
3 Setum
/. Lais
5 llusi Kejato
ó Hanjuto
7 Bengkenang
8 Penago
9 lJapotobi
10 t{okan Senati
11 Eeliti
12 Kaiaena Kanan
13 Satu Licin
14 Sanggau
15 Tatohen
16 Aiî Nanto
17 Parrukutu
18 llipis
19 l'{eroçi
20 Poieang
21 Indrapura
22 l.{eri sa
23 LatuLa
24 Bunta
25 Lakejo
2ó Padang SaPPa

27 ALue Ubai
28 Trieng Gading
29 Pendrah
30 Eotonga
31 Pohu
32 Ajo
33 Ayong Eotangat
34 Lanb:nu
35 sausu
3ó Puna
37 Sanggautedo
38 Parukutu
39 sanrego
40 Tatchen
41 Lomaya
42 Tambarana
1'3 Tidari
44 Ki to

ó000.00 5200.00
z80o.oo 2500-00'
8000.00 ó500.00
é000-00 óó50.00
1040.00 1 140.00
ñ00-00 5800-00
/.500.00 5500.00

10000.00 ó500.00
1 2000 .00 1 0500 .00

750.00 450.00
850.00 620.00

12300-00 1 1400.00
1 400.00 1 200.00
2800 .00 2450 .00
ó80.00 830.00
ó90.00 540.00

4550.00 4050.00
2850.00 3 1 20.00
3200.00 2830.00
3500.00 2500-00
3050.00 3300.00
3080.00 2500.00
13ó0.00 1120.00
5300.00 4890.00
'I2ó0.00 1 100.00
8500.00 7ó00.00
3050.00 26tO.0O
2100.00 1910.00
1200.00 1000.00
3150.00 2800-00
1500.00 1200.00
1ó00.00 1270.00
2280.00 2300.00
ó200.00 ó000.00
8190.00 8000.00
2100.00 1950.00
2100.00 1520.00
4500 - 00 3900.00

10200.00 9500.00
1 100.00 980.00
2ó00.00 3100.00
1100.00 1300.00
790.00 91 5.00
ó80.00 780.00

?2.80 29.61
8-96 8.06

30.80 39.12
22.20 18.87

j.ö4 4.Jt
28.t7 38,43
15.75 18.90
3ó.00 4ó.80
45.00 57.60
2-70 2.65
3. 1 5 3.9ó

|t,.28 57.12
5.25 7.09

10-22 13.90
?.57 3.52
¿.55 3.57

17.11 23.10
10.20 9.39
12.16 16.12
13.30 17.02
1 0.98 13.83
11 -70 15.15

> - u5 0.òe
19.35 21.76
t,.79 6.2?

32.30 11.99
11.29 14.90
7.60 9.81
t,.56 5 .93
11.43 15.78
5 -70 7.92
ó.08 8.39
8.6ó 10.92

z3-13 ?9.83
30.88 37.05
7.98 9.66
7.98 9.71
16.43 20.20
38.35 16.79
4-18 5.23
9.88 12.84
4.18 5.48
3 .00 3 .84
2.58 3,41

HOTE: *) Senefit accrued from the conpl'eted projects is estin-¡ated in' ptop"ttion Hith the irrigation areas devetoPed Curing 5 years

after Projects ccnPtetion'
o"¡ Estirnated Cost = Cost estimared during design stage'

Actuatcost=Actualcostrepocledafterprojectscoqoletion.
source: DGuRo Petita I-lv Reports (1989)'
;;;ulit Á;";"se oí ActuaI ee;efít = 0-905 Averase or EstirÎ€ted seneíit
"----" lt;.;;ã of Àctuat cost ='l'255 Averêse of Estimãted cost
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Tabie A..11: Summary of the Probabilistic Information of NPVB Criterion fo¡ the

Potential Projects at Siage 2

PROJECTS NUMBER LOCATION

AND NAI,.IE (PROVINCE)
AREA ORIGINAL*) VARIANCE STANDARD

(HA) NET OF NET DEVIATION

BENEFIT BENEFIT OF NET

($ 10^ó) BENEF I T

I'IEAN

OF NET

BENEFIT
(s 10^6)

UPPER

LII'IIT
I 95%

EXCEEDED]

($ 10^6)

LOlJER

LI¡tIT
l5%

EXCEEDED]

(s 10^ó)

1 KRUENG ACEH ACEH

2 IRIGASI ACEH ACEH

3 IRIGAS¡ NIAS N. SUHATRA

4 IRIGASI SUMUT N. SUMATRA

5 BT. KALULUTAN IJ. SUÈIATRA

ó IRIGASI SUMBAR II. SUMATRA

7 BATANG TESO RIAU

8 PEI'IATANG LIMIT JA¡IBI

9 MUSI RAWAS S. SUHATRA

10 MUNCAK KABAU S. SUHATRA

11 IRG, KECIL LPG LAMPUNG

12 IRIGASI LAÌ'IPUN LAI'IPUNG

13 NOKAN KANAN BENGKULU

14 PENAGO BENGKULU

15 IRIGASI BENGKU BENGKULU

1ó TANJUNG I.JEST JAVA

17 KARIAN I.JEST JAVA

18 I RG. IJEST JAVA 1JEST JAVA

19 IRG. CTRL JAVACENTRAL JAVA

20 LOSARI

21 t'rERotJi

EAST JAVA

IJ. K,ALII'IANTAN

25.1 33?.83
91 .35 57.84
17 .35 18.59
16.1 55.?6

11.66 12.49
56.6 39.72
8.76 3.81

ö.J l -¿5
33.29 65.97
22.25 7s.23
14.35 11.8ó
130.5 130.45
3.84 0.81
14.5 37 .93

42.04 19.02
14.24 16.07

27 .3 51.11
82.1? 47.88

169.56 512.29
15.01 8.72
1.64 2.09
3.17 7.77

27.67 18ó.15
5.28 6.13

18.89 21.28
21.22 20.62

201.07 950.02
ó.33 2.66
3.2 5.59

1.55 0.84
10.58 29.12

7 -8 38-37

-18.90 -49.00 11.20
76.59 61.01 89.11
4.15 -2.96 11 .26

36.08 23.82 48.35
8.37 2.54 14.20

48.95 38.55 59.35
4.50 1.28 7.72
3.08 1 .26 4.91
10.31 -3.10 23.71
3.10 - 10:91 17.71
8.58 2.90 14-26

117-68 98.83 136-5?
1.95 0_47 3.44

-2.26 -12.12 7.91
31.96 27.n 42.16
8.60 1.98 15.21

17.00 4.87 29.14
75.54 64.12 86.95

144.78 106.36 183.21
1 1 . 08 6.21 15 .95
-1.79 -4.18 0.ó0
-3.44 -8.04 1.16
-1.62 -24.11 20.89
-0.42 -4.51 3-67
9.16 1.55 16.77
11.59 4.10 19.08

141.86 91.00 195.72
?.83 0.14 5-52

-3.98 -7.88 -0.08
0.45 -1.05 1.95
1 .s4 -7.37 10.11

-2.30 -12.52 7.92

22 IRG. KALTENG C. KALII'{ANTAN

23 IRG. KALSEL S. KALII'IAHTAN

2/+ TANGKUP N. SULAIJESI

25 TAOPA LAI'IBUN C. SULAUESI

2ó BONTA MANAI S. SULAI.,'ESI

27 BILI.BILI S. SULAI.'ESI

28 POLEANG S.E. SULAI.JESI

29 ARSO IRIAN JAYA

30 IRIGASI BALI BALI

31 IRIGASI U. NTB IJEST NTB

32 IRIGASI NTT E. NUSA TGR.

24000

30000

8000

50000

4600

20000

2960
2200

1 5800
1 0700

5000
40000

1 500

1 0000

1 5000

55ó8
1 0300

24200
82942

41 80

2077

1000
17682
3400

71 00

7800

26050
2530
3ó38

1 000

7667

8531

18.21
7.61
1.31
7.13
3.53
ó.30
1.95
1.11

8.12
8.67
3.11

11.12
0.90
6.16
4-36
4. 01

7.36
6.9?

23.29
2.95
1.15
2.79

t5-04
2.18
4.61
4-51

30.82
1.63
2.36
0.91
5 .40
6.19

NOTE : *) SOURCE BCEO}I (1989) IRRIGATION INVESTI4ENT STUDY
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Table A.72: Summary of the Probabilistic Information of NPVB Criterion for the

Potential Projects at Stage 3

PROJECTS NUMBER LOCATION AREA

ANO NAME (PROVINCE) (HA)
ORIGINAL*) VARIANCE STANDARD

NET OF NET DEVIATION

BENEFIT BENEFIT OF NEÏ
(s 10^ó) BENEFIT

I'IEAN

OF NET

EENEFIT
($ 10^ó)

UPPER

LII'IIT
I 95%

EXCEEDED]

(9 10^ó)

LOI.JER

LII'IIT
l5%

EXCEEDED]

($ 10^ó)

1 KRUENG JRUE ACEH

2 BT. INDRAPURA I{EST SUI.IATRA

3 SUNGAI MURAI RIAU

4 BATANG ULOH JAI'.I8I

5 BEL I TANG S. SUI'IATRA

ó LEMPOING S. SUI.IATRA

7 TULANG BAWANG S. SUMATRA

8 BUMI AGUNG LAI'IPUNG

9I'IESUJI II LA¡IPUNG

10 BENGKENANG BENGKULU

1 1 SADAIJARNA TJEST JAVA

12 CIBEBER UEST JAVA

13 IRG. HEST JAVA I{EST JAVA

14 KEDU SELATAN CEHTRAL JAVA

15 BANJAREJO CENTRAL JAVA

1ó IRG. CTRL JAVACENTRAL JAVA

17 LESTI LEFT EAST JAVA

18 1JIDAS EAST JAVA

19 IRG.EAST JAVA EAST JAVA

20 SEBANGUN C. KALII'IANTAN

21 BATU LICIN S. KALII'IANTAN

22 IRIGASI SULUT N. SULAI.JESI

23 PARIGI POSO C. SULAIJESI

24 SIDRANG C. SULAI.JESI

25 CENRANAE S. SULAUESI

2ó KALAENA KANAN S. SULAI,,IESI

27 MAPPI IRIAN JAYA

28 IRG. NTB IJ. NUSA TGR.

29 PELORA IJ. NUSA TGR.

30 IRG. NTT. E. NUSA TGR.

11.16 7.97
8.05 13.01

24 .18 /+88. 15

1.1ó 0.78
13.7 1281.37

40.71 136.27
74.92 6580.39

5 .71 19 .90
33.29 371.46
10.61 81.39
2?.84 83.23
25.73 212.01
215.1 3473.77
92.8 1499.16

12.88 201.72
1ó5 1711.29

3.88 15.43
14-77 163.75

197.63 3025.31
9.9 749.75
12.4 53.89
7.64 184.86
40.7 520.17
7.95 26.24
7.57 50.99
8.7 53.04

43.05 9877.24
25.42 98-41
33.29 283-72

23 214.09

2.82 9.08
3.ó1 4.94

?2.O9 2.73
0-89 0.31

35.84 7.68
20.89 24.93
81.12 -1.13
1.16 0.71
19.27 12.18
9.02 2.28
9.12 15.96
14.56 1ó.58
58.94 218.96
38.72 ó8.39
14.20 1.05
11.32 147.48
3.93 1.38
12.80 6.63
55.00 172.29
?7.38 - 18.18
7.34 7.75

13.ó0 -1.92
22.81 19.33
5.12 3.09
7.14 0.ó0
7.28 2.12

99.38 -56.78
9.92 17.06
16-84 18.20
14.63 11.57

2365
2678

1 2000
500

20ó00
131 00

44500

3150

20980

5000

6277

8900

75000

?4000
7750

50000
2300

7750

75000

1 5000

4640

8000

14056

3500

41 00

4748

59800
2720

9054
8530

13.74
10.90
39. 18

1.77
66.82
59. 40

129.71
8.08

13.98
17.17
31,01
40.60

316.21
132.29
24.49

215.65
7.87

27 -74
263.04

?7 -00
19.86
20.52
56.96
11 .55
12.38
14.13

107 -20
33.43
45 -99
35.71

NOTE : *) SoURCE BCEoI'| (1989) IRRIGATI0N INVESTI'IENT STUDY
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Table 4.13: Summary of the Probabilistic Information of NPVB Criterion for the

Potential Projects at Stage 4

PROJECTS NUI'I8ER LOCATIOH AREA

AND NAI'IE (PROVINCE) (HA)
ORIGINAL*) VARIANCE STANDARD

NET OF NET DEVIATION

BENEFIT BENEFIT OF NET

(S 1O^ó) BENEFIT

ÈTEAN

OF NET

BENEFIT
($ 10^ó)

UPPER

LIMIT
I 95%

EXCEEDEDJ

(s 10^6)

LOWER

LII'IIT
I 5v"

EXCEEDED]

(s 10^ó)

31 BILA
32 KUTI

20000

30000

19512
20000

1 1ó5

500

17100
11000

20000
8800
4500

7000

2?.174

11070

5550

1 8750

4880

1 1000

ó5000

12200
1330

2320
80000

3200

75000

62?0

2?80

1 1518

7000

6410

21040
71000

1 IRIGASI ACEH ACEH

2 IRIGASI SUMUT N. SUMATRA

3 IRG.KECIL SUMBA IJ. SUMATRA

4IRIGASI SUI'IBAR I'. SUMATRA

5 IRG. KECIL RIAU RIAU

6 IRG. ULAK BERAS JAI'IBI

7 IRG.KECIL SUMSE S. SUMATRA

B RUPIT

9 IRG. SUI'ISEL

10 AIR I'IALUS

S. SUMATRA

¡9.8 266.n 16.33 51.59
94 .87 480 .35 T'.t .92 85 . ó3

51 .2? 860 . 10 29 .33 20 .31
62.7 240.21 15.50 56.87
3.ó5 3.71 1.93 2.22
0.17 1.18 1.22 -0.76

47.79 794.59 28.19 22.88
27 ?3s.79 15.36 10.ó8

62.14 209.t 1 11.17 56.16
20.63 204.30 1t+.29 5.14
10.ó 39.05 6.25 3.97
13.8 120.56 10.98 3.77
45.5 1¿70.25 35.61 9.45

24.88 298.11 17.27 8.46
17 .5 55.39 7 .44 10.74

15 81ó.81 28.58 16.98
11.2 56.42 7.51 4.77
15.1 355.27 18.85 -5.63

170 .3 2{+08 .76 /+9. 08 15 1 . 0ó

62 301.39 17.36 48.50
5.2 64.17 8.01 0.ó8
7-1 13-27 3.64 3.79
255 370?.22 ó0.85 ?33.33

9.09 27.81 5.27 6-32
?35.1 3107.04 55.71 217.12

7.3 126.96 11.27 -3.13
2.85 17.21 4.15 -1-27

47.72 639.71 25.29 20.40
11.5 140.73 11.86 41.50

12.12 114.64 12.03 0.88
140.6 5621 .61 71.98 78.31

8-5 17280.24 131 .45 -118.79

c

S.
SUMATRA

SUI'IATRA

S . SULAI.JES I
IRIAN JAYA

78.51
1?1 .79

68.70
82.41

5.¿+0

1.25
69.39
36.0?
80.04
29.03
14.29
21.89
68.26
36.96
23.02
64.11
17 -16
25.17

23?.04
77.15
13.90
9.80

333.73
15.02

309. 1 0

15.46
.5 .57
62.14
61.07
20.73

202.02
98.1 1

11 AIR TALANG NIU S. SUI'IATRA

12 AIR LII'IAU S. SUMATRA

13 LOIJER KOMERING S. SUMATRA

14 LOLJER LEI'IATANG S. SUMATRA

15 I.JAY TAHMI LAMPUNG

1ó IJAY i'IESUJI II LAMPUNG

17 WAY BUAYA LAMPUNG

18 AIR SELAGAN BENGKULU

19 IRG. I.JEST JAVA I.J. JAVA

20 JRAGUNG CTRL. JAVA

21 KEDUNGIJARU CTRL. JAVA

22 IRG. AIR TANAH CTRL. JAVA

23 IRG. CTRL. JAV CTRL. JAVA

24 BENG EAST JAVA

25 IRG. EASÌ JAVA EAST JAVA

2ó BATANG ALAI S. KALII'IANTAN

27 BARAEAI S. KALII'IANTAN

28 IRG. KECIL NTBWEST NUSA TGR

29 BATU BULAN IJEST NUSA TGR

30 IRG. C.SULAIJES C. SULAUESI

NOTE : *) SOURCE BCEOM (1989) iRRIGATI0N INVESTI'IENT STUDY

312



Table 4.14: Summary of the Probabilistic Information of NPVB Criterion for the

Potential Projects at Stage 5

PROJECTS NUMBER LOCATION

AND NAI'IE (PROVINCE)
ORIGINAL*) VARIANCE STAIIDARD

OF NET OF NET DEVIATION

BENEFIT BENEFIT OF NET

(s 10^6) BENEFIT

AREA

(HA)
MEAN

OF NET

BENEFIT
($ 10^ó)

UPPER

LII'IIT
1 95%

EXCEEDED]

(s 10^ó)

LOl.JER

LII',IIT

l5%
EXCEEDED]

(s 10^ó)

1 IRG. ACEH ACEH

2 IRG. SUMUT N. SUMATRA

3 A¡TPIK PAREK W. SUMATRA

4 PERJAYA S. SUMATRA

5 LEI'IATANG S. SUÈIATRA

ó LAKITAN S. SUI'IATRA

7 BATANGHARI S. SUMATRA

8 SEKAYU LUPATAN S. SUMATRA

9 AIR LEBAK BUNGU S. SUTIATRA

10 AIR RATAN S. SUMATRA

11 IJAY HITAI.I S. SUMATRA

12 BELITANG S. SUMATRA

13 WAY SAKA LAMPUNG

14 IJAY Ì'IESUJI III LAMPUNG

15 EUNGIN TAI.IBUN BENGKULU

1ó I'|AYA I.JEST JAVA

17 TELAGA HERANG IJEST JAVA

16.8 133.45
46.8 141.04
8.01 12.47

37 1887.62
11.7 513.72

19.55 508.37
38.54 746.02
18.0ó 315.85
18.38 287.05
27.36 783.37
10.39 116.20
12.98 285.68
66.44 1000.9ó
89.71 6900.39
17 -53 207.18

1 0.1 835.óó
8.8 452-07

27.4 183.71
7 .46 23.32

213.15 5127.16
38.1 1112.89
11.71 58.87

103.ó5 554.70
17.2 91.13

10 79.10
14.78 90.21
23.72 371 .51

40.74 765.25
145.08 3112.72
10.ó1 49.28
47.38 9914.66

102.19 126.87
18.7 1ó0-84

11.55 41.05
',l1.88 41.50
3.53 5.38
13.45 -0.19
23.32 -5-97
22.55 1 .11

27.31 13.99
17.77 2.90
16.94 4 -33
27.99 1.67
10.78 0.95
1ó.90 -0.93
31.64 37.78
83.07 14.61

11.39 3.95
?8.91 -13.52
21.26 -6.61

13 .56 18 . ó3

4.83 1.87
71.60 164.39
33.3ó 19.85
7.67 7 -92

23.55 95.53
9.5ó 8.72
8.89 1.64
9.50 7.14
19.27 7.32
27.66 18.3ó
56.06 10ó.ó0
7.02 1.93

99.57 -53.16
20.66 92.87
12.68 9.01

20 GUNUNG I,IULAN CTRL. JAVA

21 GLAPAN CTRL. JAVA

22 IRG. AIR TANAH EAST JAVA

23 IRG. EAST JAVA EAST JAVA

24 AMANDIT S. KALII'IANTAN

25 TAPIN S. KALIMANÏÀN

2ó CTRL . SULAI.JES I CTRL SULAUES I

18 CIMULYA

19 CINIRU

27 r'rALUSo

28 LANGKONE

29 IJALANE

I{EST JAVA

IJEST JAVA

SULÀI.JES I
SULAI.JES I

SULAI.JES I

1 5000

1 5000

?365
21555

11070

1 1ó00

13000
8600

8314
13830
5705

8750

1 2ó00

1 5820
8000

2900

n00
8350

2976

21838
1 9050

4300
30000

6430

5330

6087

11106

1ó398

2ó000
1200

óó000

12040

7000

60.12
ó1 .10
11.20
71.50
32.50
38.31
59. 0ó

32.22
32-28
47.85
18.71
26.96
89.99

151 . ó8

27.70
34.18
28.18
41 .00
12.84

282.54
74.89
20.58

134.39
24.50
1ó.31
22.81
39..12
64.01

199.10
1ó.51

110.84
126.96
29.91

c

S.

S.

30 PADANGENG S. SULAI.JESI

31 KIAS IRIAN JAYA

32 IRG.KECIL NTB UEST NUSA TGR

33 PELA PERADO I.JEST NUSA TGR

NOTE : *) SOURCE BCEOH (1989) IRRIGATION INVESTMENT STUDY
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Table 4.15: Transformation Probabilities of the SDP Model for Scenario i (Limiied

Budgei)

(pr(F,'))r = r1t,ti,efy,D!) + p(Fl.r,^,)" = rçt,t¡,er;',n!) l=Lirnited Budset Scenario

For: ú= 2;i=1,2;1=1,..,Npp.., forNp¡"., = 5,L = 1,.-,N¡r,,,* forN = 5; and I - 1,..,N¡r.,.^ for l/

\'- (; = z)

p(Fl,;,^,x) I = 1

p(Fltt,t) = 0.01

p(Flt,r,) = o.o1

p(Fåt¡,2) = 0.01

P(Fl,r,r,+) = o'01

p(Fått,s) = o.o1

p(Flt,z,t) = o'01

p(F]",")= o.o1

p(Fåt,2,") = o'01

p(FÅ,r,2,+) = o'01

p(Flt,z,s) = o'01

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

l=1,...,N¡",,,*=5
I=2 l=3 I=4 I=5
0.01 0.15 0.33 0.s0

0.01 0.15 0.34 0.49

0.01 0.15 0.35 0.48

0.01 0.15 0.36 0.47

0.01 0.15 0.37 0.46

n(Fl. .) l=1. \ c,r,tu,F'

p(Fl,z,t,t) = o'01

p(Fl,r,r,z) = o'01

p(Fl,zJ,s) = o'01

p(Fl,zt,) = o.o1

p(Fl,z,r,s) = o'01

p(Fl,zt,r) = o.o1

p(Få,2;,) = o.o1

p(Fl,"J,s) = o'01

p(Få,zt,o) = o'01

p(Få,zt,s) = o'or

p(Fl,z,t,t) = o'01

"lFI^.^)= o.o1

p(F|,zt,s) = o'01

p(Fl,zt,+) = o'01

p(Få,2¡,s) = o'01

p(Fl,z;,t) = o'ol-

p(Få,zt,z) = o.o1

p(Fl,zt,s) = o'01

p(Fl,zt,) = o.o1

p(Fl,zt,s) = o'01

p(Fl,zt,t) = o'01

p(Fl,zt,) = o.o1

p(Få,zt,z) = o.oL

p(Få,2t,) = o'01

l-1.....Nn^ =5
I=2 I=3 I=4
0.01 0.15 0.34

0.01 0.15 0.35

0.01 0.15 0.36

0.01 0.15 0.37

0.01 0.15 0.38

0.35

0.36

o.37

0.38

0.39

0.36

o.37

0.38

0.39

0.40

0.37

0.38

0.39

0.40

0.41

0.38

0.39

0.40

0.41

o.42

l=5
0.49

0.48

o.47

o.46

0.45

0.48

o.47

0.46

0.45

o.44

0.47

0.46

o.45

o.44

0.43

0.46

0.4s

-o.44

0.43

o.42

0.45

o.44

0.43

o.42

0.41

p(Flr,sr) =
p(Fl¡p,) =
p(Flt,z,e) =
p(Flt,s,) =
p(Flt,t,s) =

p(Fi,t,n,,.) =
p(Få¡,+,) =
p(4,r,¿,s) =
p(Fl,r,o,) =
p(FÅt,+,s) =

0.01

0.01

0.01

0.01

0.01

0.01 0.01

0.01 0.01

0.01 0.01

0.01 0.01

0.01 0.01

0.15 0.35

0.15 0.36

0.1s o.37

0.15 0.38

0.15 0.39

0.15 0.36

0.15 0.37

0.15 0.38

0.15 0.39

0.15 0.40

0.01

0.01

0.01

0.01

0.01

0.34 0.49

0.35 0.48

0.36 0.47

o.37 0.46

o.37 0.46

0.01 0.15

0.01 0.1.5

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

0.01 0.15

o.o1 0.1-5

0.01 0.15

0.0r- 0.15

0.01 0.15

0.48

o.47

0.46

0.45

o.44

o.47

0.46

0.45

o.44

0.43

p(Fåt,s,t) = o'01

p(Flt,s,z) = o'01

p(FÅJ,s,s) = o'01

p(4,r,s,¿ ) = o'ol

0.01 0.15

0.01 0.1s

0.01 0.15

0.01 0.15

0.01 0.15

0.37 0.46

0.38 0.45

0.39 0.44

0.40 0.43

0.41 0.42p(Fl ,rr)= o'01 p(Fl.".r.s) = o'01
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(p¡(Fr¿))" = F(t,Li,PF¡tu,Df ) + p(F!,;,^,)" = F(t,Li,PF{ ,Df) -y=Non-Lirnited Budser Scenario

For:t=21 i=1,2;¡n=1,..,ÀIp¡'".;forNp¡r,.=5,b=1,..,NDr,;,-forNpr,,,--5; ¡nd¡-1,..,Np' for ÀIo- = 5

Li'tu u : t) LL,- (i = 2)

l- l,...,ÀI¡r,.,^ =5 i= 1,...,NFt,i,- =5
I=2 l=3 I=4 /=5 e(F:,i,*,k) I=1 I=2 I=3 l-4 l=5
0.30 0.15 0.10 0.05 .p(FÅ,zl,t) = o.47 0.29 0.15 O.1O O.O5

o.2s 0.15 0.10 0.05 p(Få,2t,) = 0.42 0.28 0.1s 0.10 0.05

0.28 0.15 0.10 O.os p(Få,z,r,s) = 0.43 O.27 0.15 0.10 0.05

o.27 0.15 0.10 O.O5 p(Fl,zt,) = O.44 0.26 0.15 0.10 0.05

0.26 0.15 0.10 0.05 p(Få,zt,s) = 0.45 O.25 0.1s 0.10 O.O5

p(F:,;,^,) I = \
p(4,r,r,r) = o.4o

p(Fl;t,) = 0.41

p(FlJJ,e) = o.42

p(Fått,+) = 0.43

p(F|;t,) = o.44

P(Fl,r,z,r)= o'41

p(Flt,z,z)= o.42

p(Flt,r,") = 0.43

p(Flt,z,) = o.44

p(Fåt,z,s) = o.4s

p(Fltp,) = o.42

p(Fl,r,s,z) = o'43

p(FåJ,s,a) = o.44

p(4,r,s,+) = o.4s

p(F|¡,s,s) = 0.46

p(Fl;,+,r) = 0.43

p(Flt,+,) = o.44

p(FÅJ,o,s) = 0.45

p(Flt,+,+) = 0.46

p(Flt,+,s) = o-47

p(Flt,s,t) = 0.44

p(Flt,s,z) = 0.45

p(FÅJ,s,s) = 0.46

p(Flt,s,) = o.47

p(Fl ,r.r)= 0.48

0.29 0.1.5

0.28 0.1s

o.27 0.15

0.26 0.15

o.zs 0.15

0.28 0.1s

o.27 0.15

0.26 0.15

0.25 0.15

o.24 0.15

0.27 0.15

0.26 0.15

0.25 0.15

0.24 0.15

o.23 0.15

0.26 0.15

0.25 0.15

o.24 0.15

0.23 0.15

0.22 0.r.5

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

0.10 0.05

p(FÅ,zt,t) =
p(Fl,zt,) =
p(Fl,z¡,s):
p(Flo,^)=
p(Fl,zt,s) =

o.42 0.28

0.43 0.27

o.44 0.26

0.45 0.25

0.46 0.24

o.44 0.26

0.45 0.2s

0.46 0.24

o.47 0.23

0.48 0.22

0.15 0.10

0.15 0.10

0.15 0.10

0.15 0.10

0.15 0.10

0.10

0.10

0.10

0.10

0.10

p(FJ,zt,) = 0.43

p(F|,zt,z) = o.44

p(F|,zJ,s): 0.45

p(Fl,z,r,+) = 0.46

p(Fl,z,r,s) = o.47

p(Fl,zt,t) =
p(Få,2t,) =
p(Fl,zt,a) =
p(F:, , ^) =
p(FÅ,2;,) =

o.27 0.1s

0.26 0.15

o.25 0.15

o.24 0.15

o.23 0.15

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0:05

0.05

0.0s

0.05

0.0s

0.05

0.05

0.05

p(Fl,zt,t) = o.4s

p(Fl .,"\= 0.46

p(Fi,zt,z) = o.47

p(Fl,zt,) = 0.48

0.25 0.15

o.24 0.15

0.23 0.15

o.22 0.15 .

o.2t 0.15

0.15 0.10

0.1s 0.10

0.15 0.10

0.15 0.10

0.15 0.10

0.10

0.10

0.10

0.10

0.10p(F} ,, ,) = 0.49

Table 4.16: Transformation Probabilities of SDP Model for Scenario 2 (Non-Limited

Budget)
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(p¡(Jt¡))t = F(t,Li,PF; ,D!) + p(Fl,r,*,), = f1t,t'¡,ef7,nf) 'y= Undeter¡ninedBudset Scenario

For:n=2;i=!,21 rn=L,..,NpFr.;forltrp¡r.r=5À=1,..,Npr,¡.*forltr¿".,.*=5;andl=1,..,.ôtrp".r.-forltr¡r,r,-=5
'2'* U = r) L'r,* (i = 2)

P(F:,i,*,k) I = 1

p(4,r,r,r) = o.o1

p(Flt,r,) = o.o1

p(Fltt,z) = o.o1

p(Fltt,) = 0.01

P(Fl,r,r,s) = o'01

p(Flt,z,t) = o'01

p(Flt,z,) = o.o1

p(Fåt,z,z) = o.o1

p(Flt,z,) = o.o1

p(Fåt,z,s) = 0.01

p(FlJ,s,t) = o.o1

p(FlJ,s,z) = o.o1

p(Flr,s,s) = o.o1

p(Flt,s,) = o.o1

p(Flt,+,s) = o.o1

p(Flt,+,t) = o.o1

p(Få¡,+,2) = o.o1

p(Flr,+,) = o.o1

p(Flt,+,) = o.o1

p(Fåt,+,s) = 0.01

p(Flt,s¡.) = 0.01

p(Flt,s,) = o.o1

p(Fát,s,s) = o'01

p(Flt,s,): o.o1

I = 1..,..Nr^ = 5

I=2 I=3 I=4 I=5
0.01 0.15 0.33 0.50

0.20 0.25 0.20 0.34

0.20 0.25 0.20 0.34

0.20 0.25 0.20 0.34

0.01 0.15 0.37 0.46

P(F:,;,^,) I = I
' p(Fi,zt,r) = o.o1

p(Fl,zt,z) = o.o1

p(Fl,zt,) = o.o1

p(Fl ,,^)= o.o1

p(Fl,zt,s) = o'01

p(Fl,z¡,) = o.o1

p(Fl,z,r,z) = o.o1

p(Fl,zt,s) = o'01

p(Få,2t,¿) = o.ol

p(Få,zt,s) = o.o1

I = 1,...,-ò/¡r,,,-

l=2 I=3 I=4
0.01 0.1,5 0.34

o.20 0.2s o.2r

0.20 0.25 0.21

0.20 0.2s 0.2r.

0.01 0.15 0.38

0.01 0.15

0.20 0.25

0.20 0.25

o.20 0.25

0.01 0.15

0.01 0.15

0.20 0.25

0.20 0.25

0.20 0.25

0.01 0.15

0.01 0.15

0.20 0.25

o.20 0.25

0.20 0.25

0.01 0.15

0.01 0.15

0.20 0.25

0.20 0.25

o.20 0.25

0.01 0.15

0.34 0.49

o.2r 0.33

o.2L 0.33

o.21. 0.33

0.38 0.45

0.35 0.48

o.22 0.32

o.22 0.32

o.22 0.32

0.39 0.44

0.36 0.47

o.23 0.31

o.23 0.31

o.23 0.31

0.40 0.43

o.37 0.46

0.24 0.30

o.24 0.30

o.24 0.30

0.41 0.42

0.01 0.15

0.20 0.25

o.20 0.25

o.20 0.25

0.01 0.15

ú:o

0.49

0.33

0.33

0.33

0.45

0.48

o.32

o.32

0.32

o.44

o.47

0.31

0.31

0.31

0.43

o.46

0.30

0.30

0.30

o.42

o.45

o.29

0.29

o.29

0.41

0.35

o.22

o.22

o.22

0.39

p(Fl,z,t,t) = o.o1 0.01

p(Få,2t,) = o.o1 o.2o

p(Fl,zt,z) = o.o1 o.2o

p(Fl,zt,) = o.ol o.2o

p(Fl,zt,s) = o.o1 o.o1

p(Fl,z;,t) = o.o1

p(F),zt,z) = o.o1

p(Få,zt,z) = o.o1

p(Fl,zt,+) = o.o1

p(Få,zt,s) = o.o1

p(Få,zt,t) = o.o1

p(Fl,zt,z) = o.o1

p(F]",^)= 0.01

p(Fl,zt,+) = o.o1

0.L5 0.36

o.zs o.23

o.25 0.23

o.25 0.23

0.15 0.40

P(4,r.s,s ) = o'01 p(F|.zt.s) = o.ol

0.01 0.15

0.20 0.25

o.20 0.25

o-20 0.25

0.01 0.15

0.01 0.15

0.20 0.25

0.20 0.25

o.20 0.25

0.01 0.15

o.37

o.24

o.24

0.24

0.41

0.38

0.25

0.25

o.25

o.42

Table 4.17: Transformation Probabilities of SDP Model for Scenario 3 (Undetermined

Budget)
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Table 4.18: Results of the Calculation of Each Step of the AHP ùIethod for the Determi-

nation of the Likelihoocl of Future Budget Availability

ÌABLE A.'I8.1 PAIRIJISÉ CO{IPARISOH HAIRIX FOR COHÍRIBUTIOH OF IAELE A.18-¿ PAÍRIJISÉ CO{PARISOX HAIRfX FOR COHTRIBUTfOH OFPRIHARY FACTORS IHAT AFFECT FUIURE BUOG€Í ÂVÂILABILITY ITþRLO OtL PRICE SUEFACIORS UITII RESPÉCT TO ç€RLD OfL PRICE

Future ELdger F1 F? F3 treight Horl,d oit price 91 H¿ I,t3 u6 Heishr

Fl = gor(d oil Price 1 3/? 5 0.510
FZ = Non-oil Revenue 213 1 3 0.350
FJ = Exrernðl Furding 1/5 1/3 1 0.110

Ul =L/orl.doiL ,t 5 5 1 0.111
Conscnpti on

lJ¿ = Atrernarìve Fuel,s .1./5 1 J 1/S O.lO9
lJ3 = lnftuence of jl5 1/S 1 ,/5 O.oãiFÍnanciaI fnstituríon
U4=Pq¡¡a¡"",Facrors I 5 5 1 O.LIL¡lax eígenvatue = 5.001

Consistency f ndex=o.000ó
consistency Rar Ío=0. 001

TÀ8LE A.'I8-3 PÂ¡RUISE COHPARfSON HATRIX ÉOR LEVEL OF IXTEHSITY OF EACH

SUBFACTOR U¡TH RESPECT TO IIS ASSOCIAIEO SUBFACÎORS

SU8. LEVEL OF LÊVEL OF INIENSITY IJEIGHT COHSTSfETCY
FACToRS ¡NfENStlY 10,t1) H(91) H(lJ1) CHÉCK¡HG

lJ1 L = Lo{ 1 1/7 1/7 0.06ó Hax eigenvatue= 3
H:uedim 7 1 1 0.167 cl:o
H=Hísh 7 1 1 0-167 cR:o

Hax eigenvatue = 1.15
Consistmcy f nde:=o.0S1
Ccnsistency Ratio=0.057

U? L:LoH
H = Hedim
H = High

L(uz) H(uz) H(uZ)
1 1/7 1/7 0.0ó7 Hax efgenvatue= 3
7 1 1 0.1óó ct=o
7 ',l 1 0-167 CR:o

LFÕJ¿) So(rl2) HF(VZ)
lJ3 LF = Less Favocabte 1 1/3 1 0.200 Hax eigenvatue= 3

SQ:Statusouo 3 1 1 0.ó00 C¡=0
HF = Host Favocabte 'l 1 1 0.200 CR = 0

lJo t e:
91 = Hortd 0iI Consurption GroHth
IJZ = Intensity óf oevetogrent Atternative Fuets
lJi = Intfuence of lnternationaI lnstutions

TASLE A.'I8.4 PAIRIJ¡SE CO¡IPÂRTSON l'lÁTRIX FOR COHfRIEUfIOII OF EÀCH SUE.SUSFACIOR

OF POL¡fICÁL SUSFACTOR OF I.ERLO OIL PRICÉ

SU8. SUB.SUBFÀCTOR SUB.SUBFACTOR UEIGHT COHSISTEI¡CY
FACTORS L(IJ1 ) H(IJ1 ) CHECKIHG

l¿1 P1 = opec Pricing , t/, 0.ó0 Hâx eigenvatue= ¿
Behaviour CI : 0

PZ = lension BetHe€n 2/3 1 0.40 cR = 0
IrËividuat state

¡lo t e:
U4 = PotiticaI Factors

IÀBLE Á.18.5 PAIRg¡SE CüPARISOX HAfRIX FOR LEV€L OF IXTÉX5ITY OF 'ICHSE.SUBFACfOR C¡fH RÉSPECÎ TO ¡TS ÁSSOCIÁIED POLITIUL ilA.SU6FÀCTCIS

ilS.SUB LEVEL OF LTVEL OF I'{TEHS¡IY \]EIGHI CCXSISf€Xõ
FÀC!oRS IXTEI¡S¡ÌY 0(p1) So(yt) I(ul) cff€cKlt{c

lotê:
P1 : CPEC PricinE 8ehãviour sub-subfåctor
P2 . Iension getccó fndivids¿t Starc SLô-subfoctor

Pl 0 r occrcsta 1 llt 1/5 0.0114 Xåx eiqffiãl.uc- 3.029
SQ.Statuc0@ 3 I 1 0.¿050 C¡=0.01¿
l¡fEre6sê 5 1 I 0.1810 Cr:0.025

0(P¿) sa(Pz) t(P¿)
PZ 0 ' oærÊâsê 1 1/5 113 0.J1¿O x6¡ cigñâ(k.3.029

SQ'Stãlus0@ 5 I I 0,¿410 Ct=0.01a5
l:¡ntdsiry I 1 1 0.a050 CR=0.0250
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IÄBLE A.I8.ó PAIRUISE CCTPARfSOH HAfEIX FOR LEVEL OF IHC?ÊÀSES OF EÄCH

LEVEL OF IÈÍEHSIfY gIIH RESPÉCÍ TO ITS ÅSSOCIATEO L:V€L Of ¡XÍEHSIfY

LÉVEL OF

lHrExstlY
LEVEL OF

¡ HCREÄ5ES

LÉVEL OF IflCRE¡SES VÊIGI{T COXSfSIETCI

L(F1) H(tl) t(tl) CHECKIIIC

L(cl) L(F1): Lor læreasê of É1

X(F1)- Héi6 lnctessê of F1

H(F1)'Éi9h lñcrEôsc of Fl

Hðx êissvãtiF 3.014
Cr ' 0.007
m = 0-012

1 5 7 0,710
1t5 1 2 0.1ó7
1t7 1tZ 1 0.Û9(

H(v1) L(F1)= Lov ¡nc..âsê of fl
H(F1): Hedis lrcreEse of F1

H(Fl)= Hign læt.åsr of F1

Hax eigenvðtuê: f.014
cf = 0.007
ce = 0.012

1 1t7 1t5 0.0?5
7 1 2 0.59¿
5 1t¿ 1 0.i13

H(Yl) L(Fl)' Lor Inc.eâsê of Fl
H(Fl). xedi6 frcrêrsê of Fl
H(Fl): $igh lncrcðse of F'l

1 1t7 1/5
711/2

0.075 xax cigw6(uê¡ 3.014
0.133 cr ' 0.007
0.592 cR = 0.012

L(Uz) L(Fl)' Loc fncrêåsê of Fl
t{(Fl)' Hedi6 tncreasc of F1

fi(Fl)= tliEh lrcrêåsê of Fl

1 1r5 1/' 0.090
5 1 2/3 O.íçL
5 3/2 1 0.51ó

Hax êigwa(r f.018
c¡ : 0.009
cR ' 0.01é

L(F1)¡ Loc lncrêôse of F1

tt(t1): Hedlh Incrê6sè of F1

H(Fl)= Hish lrcrêôse of Fl

0.230 xax eigeñðluê= 3.005
0.é¿A c¡ = 0.0018
0.122 cR : 0.003

11t32
1/2 1/5 I

L(t1). Loc ¡ncrê¿se of Fl
H(Ff)r Hcdi6 lncrêåsê of F'1

H(Fl)= Hish lrcreEss of Fl

|iax êig6vs(uÉ J.038
cl . 0.019
CR ' 0.03J

1 3 5 0.617
1/3 1 3 0.258
1/5 1/3 1 0.105

LF(93) L(lt)= Loc ¡ncreose of F1

H(F1): Hedih lncrease of F1

H(¡1)ã High lncrèase of F1

r351/3 1 2
1/5 1/2 1

0.6¿8 xðx eígeÑaluê. J.004
0,2f0 cl ' 0.0018
0.122 cR.0.003

so(95) L(Fi)' Lor Increasê of Fl
H(F1)' Hêdi6 ¡ncrcúsc of Fl
H(f1): HiEh ¡ncrêrsc of f1

1 1/7 1/3
713
31/tl

0.088 Hax eigryaLue. 3.007
0.éó9 c¡ . 0.003
0.242 Ot . 0.00ó

HF(v3) L(F1). los fær¿lso of tl
H(F1)= Hêdi6 Increasc oi ti
8(Fl)' High 1rc..63e of Fl

0.109 H¡x eisffill$" 3.009
0.309 Cl = 0.00'18
0.582 cr - 0.0031

1 1t3 1t5
311/2

o(P'l) L(Fl). Loe ¡ncrcsse of Fl
l(Fl)= Hedi@ ¡ncresse of F1

X(Fl)= High lncre6se of t1

O.ó37 H¡x eig6ELue= 3.0f8
0.2J3 C¡ : 0.019
0-105 CR = 0.033

1J5
1/313
1/5 1t3 I

so(Pl) L(Fl): Loe fncrc¡se ol Fl
H(F1): Hedíw ¡rcrcEse of Ff
H(fl). Hish lrcrcasê of fl

1 ¿ 1l? 0.122
1/Z 1 I 0.9,a
2 \/a r 0.2J0

Hâ¡ cig6vålue. J.003
cr ' 0.0018
cR ' 0.0031

¡(Pl) L(Fl)'Loc lrcressc ol tl
X(Fl). Xedih lnc.eôsc of F1

H(Fl)' Íigh læreàsô of Fl

1/3
I
l

l/5 0.105
1t3 0.258
1 0.617

Hå¡ êiEñ.tw= 3.0f8
Ct ' 0.019
ci ' 0.033

o(PZ) L(Fl). Lw lrcressc of Fl
H(F1)= Hêdi6 Iæreãsc of Fl
H(tl)' tliEh Irct!ãsa of F1

157
1t5ll
1t7 1t3 I

0.ZJl ll¡x eígdvð[lÆ 3.0ó5
0.18a cl = 0.032
0.0a1 cR = 0.056

Sa(PZ) L(Í1): Lot Inc¡cssc of fl
H(Fl)r Hcdi6 ¡ncrcôse oi Fl
H(Fl)¡ Hfgh Increôsê of Fl

11/35
1t3 1/5 1

0.258 Ha¡ ei96vs(ueo 3.038
0.é37 cl : 0.019
0.105 Cfl - 0-035

I(PZ) L(F1). Lcr læ.êasê of Fl
H(F1): Hedi6 ¡ñcr.63ê of tl
H(Fl)¿ Hish lncrcãsc of Fl

1 1/3 1/5
llzlS
53/21

o. tlZ Hå¡ êiqñâtu+ 3.000
o.J¿A cr = 0.0006
0.540 cR ' 0.001

TAELE Ä.I8.7 PA¡RCIS€ CtrPÄRISOX HATR¡X TCR LEVEL OF fHCRÊÀSÉS OF
fiOH.O¡L REVEHUÉ ÀHO ÊXIERXAL FUNOIHG ¡ACÌO?S

LEVEL OF LEVEL OF IHCREASES gEIGflf CCXSISTE¡{CY
IXC.RE¡sES L<12' X(F?) H(Fz) CTIECXIXG

L(FZ). Lôc ¡ærcãsê of FZ
X(FZ)= Hêdi@ lærerse of FZ
lr(Í2)! flish Incrcosê of fe

0.105 xàx êigeôvðtse. 3.0J8
0,ó37 Cl ! 0.019
0-258 cR ' 0.013

1 1/5 1/3
515
31t31

0(Fi)= oec.eôsê of Fj
S0(f3): Stð(us 0@ of Ff,

l(F3)¡ lôcrêãsê of Ff

0(F3) So(Fi) ¡(t3)
112
tll

1/2 1/3 I

Her Êigmvatuê. f.018
cl = 0.009
cR = 0-01ó

0.J87
0.el
0-170

Hote:
FZ : Xoñ-oi( RêvNo F6cto.
fJ - E¡têrEt Fding ¡scror
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t^8(E 
^.18-6 

Þ¡tRqtsE cgÞr¡tscx r4fctx Fê¡ IHE scÉt¡¡to 0F furu¡€ sÞ6êI 
^vAtuB¡!fñN0¡-0¡L nEvEruE ¡ro Etf¡rr^t Futoltc t^clus

rEvÉL 0F ¡tdE¡sEs ¡Lfgx^ftvEs oF tcEx¡ito uc€l sc€N^ttos E¡GHf ætstsr€xq
0F ritx^ny ¡^cfoRs oF turutE súGt ¡9^tuslLllY LE r(3 @8 q€cxltG

!(fl)¡ (d lrqE^sÉ !8. t¡xl¡€D UGI
of il ¡rs : ro¡-!¡Ht1Êo 8@c€l

WB ' UTOEIERXIK€O 8E6EI

0.õl ¡u.içfl!t!c. J-0æ
0.0ro Cl . 0.01¿5
0.1æ q . 0.0?5

r95
1/9 | r/J
117f1

8(fI)¡ rEolu LB ' llHttEo ôEGl
txqasE oF xra . x0¡.(lx¡Í€D 6EGEI
fl @B r UroElE¡¡l¡g ucÊr

0.JlJ rr¡ ci9ñ¡lE. J.0la
0.0ñ Cl r 0.007
0.59t 4 - O.0l¿

r5\t¿
1tS 1 1t7
271

fl(fl)' HICH IHqASE tE . LlHtf€o gÞC€l
OF FI TlB T HOH.LIXIIED SECEI

@S . UNoEÍE¡XlXû MCEI

0.lg r.¡ .igæ¡tkr 1.0ó5
0.æl cr.o.GZ
0.231 c¡ ' 0.05ó

l:1t5
113 1 1t9
591

!(f?). td ltqasE t8 ¡ LtX¡fÉo 86€€l
ot rz rLB r xq.llxlrEo 86qEl

6A ¡ UXOEÌEüIIÉO BÞGI

0.751 t¡¡ cisæ.t8. 1.029
0.071 C¡ ' 0.0145
0.174 q ¡ 0.025

r95
1/9 I 1/l
1153r

¡(f2)¡ åEolw tg . llxllEo €@GT
t8c¡E¡s€ 0F HL8 ' H0{-LIXllEo EWCEf
Fe þ8 ¡ uxoÉlEÙ¡¡Eo UCEI

0.559 ru .igddtr 5-054
0.089 cI ' 0.022
0-l5Z q ' 0.K

15?
1t5 r r/5
1T¿5I

l(fz)r HlcH ¡HqqS€ ts ¡ LIXtlEt SEGEf
aF FZ ¡LB : rox-LlHllEo 86C€f

E8 ' UTOÊfEÙI|EO SE6EI

0.ð¿ ¡!t ciEd.tu. 1.058
0.105 C¡ ¡ 0.019
0-67 ü:0-031

131/5
1tt 1 .112

¡(Fl).oEcras€ 0F tE ' !lalÎEo ruGEr
¡3 ¡LB : lor.L¡fr¡IED BþCET

@E ' U¡o€ÌEUfIEo SEGT

0.ó92 xlr ûlçæ.1u. 3.CCo
0.02 C¡ ¡ 0.0
0.ãl cr ' 0.0

r9l
119 | 1t3
1t331

5o(f3): sl^Tus M Lg ¡ L¡xlfEo SbcEl
0F f3 NLB r Io¡'LIH¡IEo BD6€l

bA ' UxoÉlE¡BltEo UGEI

0.ó15 ¡6¡ êistr!(k. 1.002
0.æ3 Cl ¡ 0.001
0.29¿ c¡ ' 0.002

1t7 1 1t3
1t231

l(Fl)¡ ¡rqÉ¡sEs oF Lg ¡ l¡Hlr$ EþG€l
fi 8LB ¡ Hq_LlllfED SDCEI

EB ¡ Uto€lE¡¡r¡€o E@GEI

0.21t X¡r ci9ñ¡(uc. 1.000
0.0t cl . 0.00
0.ó92 q t 0.00

ll1tl
1ß 1 1t9
59t

f^sl€ ¡-14-9 slrutt 0¡ LElcxfs ¡¡0 cdffi¡TE L€rc8ls foR Petruy f^c¡c¡s, gt^frds.
LEV€!s OF t8r€IS¡fY, Áx0 LEWLS tHqgSEt

Pf,IuÂY t^ClC¡S flÉF^CtoRS LW€L Of tHfErsrty LEE! 0f l¡qasEs
ltoEx vE¡cfl¡s ¡30q EIc|ts cdrcst¡E f¡ou !Et6t¡s cdrcsttÊ ttoÊt !E¡ctrs cffittE

UEICHIS EICÍÍS

fl 0-740 0.0I1
0.1ó7 0.00ã
0.æ4 0.00r¿
0,075 0.00D
0.592 0.0€z
0.tJ3 0.0f9
0.075 0.00ã
0.33: 0.0¡6
0.59¿ 0.ø¡ó
0.m 0.009
0.J?. 0.0015
0.51ó 0.0021
0.ð0 0.0ø2
0.ø 0.0f75
0.t22 0.00t5
0.ó17 0.0r2
0.254 0.00æ
0.r05 0.0028
0.4 0.æ4
0.40 0.001ó
0.1?2 0-0006
0-@ 0.0016
0.99 0.01J4
o-21¿ 0.004
0.1æ 0.0007
0.Jæ 0.00¿
0,532 0.004t
0.67 0.009ó
0,ð8 0,0019
0,105 0.0ór5
0.122 0.06
0.9 0.0550
0.ð0 0.0r2(
0,rû5 0.0@
0.ðE 0.0f4
0.ó17 0.e14
0.ã¡ 0.00ã
0.18 0.00t9
0.Ér 0.0008
0,ã6 0.011r
0.87 0.o27L
0. t05 0.w5
0.il2 0.00¿0
0,J4 0.0125
0.s¿0 0.æ15

((fl) r 0.10¿l
l(Íl) ¡ 0.¿1!O
N(fl) r 0.1959

0.t05 0.05ó7
0.47 0.2Ð0
0.ð8 0.090!

L(Ft) O.â7 O.AL26
r(f5) 0.4i 0.o¿az
¡(F) 0.ræ 0.0187

0-54 0.414 0.224 t(9r) 0.0s 0.015

E(gr) 0.67 0.I05

H(vf) 0.67 0.10¿

0.1æ 0.058 L(€) 0.0& 0.0É

8(r¿) 0.67 0-027

w 0.221 Þl 0.é0
(ss-
t^ctq)

0-11(

Lf([J) 0.200 0.007 L
H

H

so(s) 0.&0 0.020 L

ts

I
xF(g) 0.200 0.007 L

x
I

D(Pl) 0.114 0.0t5 t(Pt)
N(PI)
t(Þl )

so(Pl) 0.105 0.054 L(Pt)
x(Pl )
N(Pr)

I(Pl) 0.41 0.ø5 L(Pl)
x(Pl)
8(Pf )

0(P2) 0. il¿ 0.010 L(Pz)
Ë(P2)
t(P2)

sc(Pz) 0.41 0.&3 t(Fz)
i(P2t
rtPz>

llPz, 0.45 0.ß7 L(PZ)
¡(P2)
H(P?)

toT¡! cEI6¡ft (fl):

x( r2)
r(f2)

0,3s0

0.rr0
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TABLE A.18-10 COMPOSITE IIEIGHTS FOR THE SCENARIO OF FUTURE BUDGET AVAILABILITY

PRI¡IARY LEVELS OF INCREASE
FACTORS

INDEX IJEIGHTS

SCENARIOS OF BUDGET COMPOSITE

t.lE I GHTS

INDEX WEIGHTS

F1

F2

FJ

L(F1)

M(F1)

H(F1)

L(F2)

14( F2 )

H(F2)

D(F3)

sa( F3 )

I(F2)

0.1041

0.2400

0.1959

0. 0367

0.2230

0. 0903

0.0426

0.0187

0.0187

LMB

NLB
UDB

LI'IB

NLB
UDB

LHB
NLB
UDB

L14B

NLB
UDB

LMB

NLB
UDB

LÈ,IB

NLB
UDB

L¡tB
NLB
UDB

LI'IB

NLB
UDB

LI'IB

NLB
UDB

0.751 0.0782
0-o71 0.0013
0.178 0.0186
0.333 0.0799
0.076 0.0182
0.591 0.1419
0.188 0.03ó8
0.081 0.0159
0.731 0.143?
0.751 0.0276
0-071 0-002ó
0.178 0.00ó5
0.559 0.1246
0.089 0.0198
0.352 0.078ó

0.2583 0.0233
0.1047 0.0095
o.6370 0.0575
0.6923 0.0295
0.0769 0.0033
0.2308 0.0098
0.ó15 0.0500
0.093 0.0045
0.29? 0.0142

0.2308 0.0043
0.0769 0.0015
0-6923 0.0129

OVERALL COMPOSITE I'JEiGHTS OF SCENARIO:
LHB = 0.4342
NLB = 0.082ó
UDB = 0.18?6

NOTE : F1 = I{ORLD OlL PRICE
F2 = NON-0lL REVENUE

F3 = EXTERNAL FUNDING

L(i) = Low increase of the í factor
I't(i) = Mediun increase of the i factor
H(i) = High increase of the i factor

LMB = LII'llTED BUDGET SCENARIO

NLB = NON-LIltllTED BUDGET SCENARI0
UDB = UNDERTEHINED BUDGET SCENARIO

D(i) = Decrease of the i factor
so(i) = status Quo of the i factor
I(i) = Increase of the i factor
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Table A.i9: Projects Selectecl At Stage ú:1 by the IGP ancl PIGP Nlodel Under The Various

Cases of Multiobjective Analysis for Possible Funding Decision/Allocation DilBfÌ

Proposed P¡ojects YEÀR IN IJHICH COI{STRUCIION STARTED

Project
Nuùer & tlare

Area Case Case
(ha) A B

Case
u

case 0
P fGP

case Case
HI

Case
E

Case
D

Case É Case
Pf6P F

Case F Case Case G

PÍGP G PIGP

1 Krueng Baro
2 Horth Súnêtra
3 Pasaman
4 Batang KLûu
5 Linr¡n Sungkat
ó Korering
7 BaaI
I Hay Ah.¡ng
9 llay Perdada
10 Atas
11 Hanjuto Kanan
12 Tetuk Lada
13 Jatigede
14 Jratunsetuna
15 DunpiL
1ó Hadura
17 East Java Rehab
18 Sanggau Ledo
19 Kasau
20 Riam Kanan
21 Toraut Songo
2? Iaopa
23 Kalong
24 Boya
25 san Reso
2ó t{auotobi
27 Dataran Kobi
28 lJimbo E¡ang
29 Irigasi Bal. i
30 Enbung NTB

31 Katimantong
32 Icigasi HIT
33 Embung NTB

tott¿
41000

1926
13800
2500

55904
5 500
5000

1 3550
1400

1 0000
18923

130158
71537
25115

2580
t ?912

555
5000

1 2000
7820
8000
1 200

1 0000
7500

21200
1950
19ó3

1 520
2850
33ó0
8276

1st 'lst
1st 0

lst 0
1st 1st
4th 3cd
1st lst
00

Znd 0

lst 0
00
0 1st

1st 0
1st 0
1st 0

1st 0
¿rth 0

00
4rh 0
0 1s¡
0 lst
0 1st
0 1st
0 1st

1sr 1st
0 1ss

1st lsr
Jrd ¿nd
4rh 4th
00
00
00
00
00

1st 0
1st 0
1st Zt:d
00
0 4th
00

1st 0
1st Znd
1st 0
2rÅ Znd
00

1st lst
0 lst

1st 1st
1st 1st
3rd 4th
1st 1st
0 4rh
00
00

1st 0
00
0 4th

lst 0
1st 1st
0 1st

1st 3rd
0 ¿.th

1st 3rd
3cd 3rd
1st 4th
Znd 3rd
1st 1st

1st 0
1st 0

lst znd
1st 0
4rh 4th
1st 0
2nd 0
Znd 1st
lst 0
znd 1st
1st 0
1st 1st
0 1st

1st 1st
lst 1st
3rd 4th
0 1st

3¡d 4th
1st 0
1st 0

1st 0
1st 0
1st 1st
1st 0
1st 1st
1st 1st
lst 4th
'lst 4th
lst 3rd
1st /+th

1 st 4th
znd 3rd
lst 1st

]st 0
1st 0
1st 0
lst 0

znd 3rd
00

1st 0
Znd Znd
lst 1st
1st lst
0 Znd

1st 0
0 lst

1st 1st
1st 1st
3cd 4th
lst 1st
4rh 4th
00

1st 0
1st 0
00

4rh 4rh
1st 1st
1st 1st
00

1'rh 0
00

Znd 3rd
4rh 4rh
Zrh 0
3rd 3rd
1st 1st

lst
1st
2nd
1st
4th

0
0

2tñ
1st
0
0
0

1st
1st
1st
4th
1st

0
0
0
0
0
0
0
0

1st
0
0
0
0
0
0
0

1st lst lst 1st
1st lst 1st 1st
1st lst lst zr]d
0 0 1st 1st
0 0 4th 4rh

1st 1st 1st 1st
znd znd 0 0
1st 1st znd 2rÅ
1st 1st 1st 0
1st 1st 0 0
0 0 0 lst

lst 1st 1st 1st
0 0 1st 0

1st 1st 1st 1st
1st lst 1st 1st
4th r'th 4th 1st
1st 1st 0 ls¡
0 0 4th lst
0 0 0 lst
0 0 0 1st

'lst 1st 0 1st
0001st
0004th

1st 1st lst 1st
1st 1st 0 1st
1st 1st 1st 1st
3rd 3cd 3rd 4th
0 0 4rh 4th

3rd 3rd 0 0

4th 4th 0 0
3rd 3cd 0 1st
ztrd Znd 0 0

1st lst 0 0

PARAHETERS GOAL ATTAINHENÍ

1 Ifrigation Area (ha) 11557g 161953 19ó809 2ó12J6 386370 371646 386370 ?91291 355831 359540 3595t0 161953 1155¿7

z ¡¡.p.v. of Benefir (s1o^ó)1590.5 1537.6 278.1 1116-6 1132.3 1136-1 143¿.9 1?02.7 1396-9 1372.7 1372-7 1537-6 1125-2

3 ïransmisration suppocr 12500 30000 42500 ó500 9500 4¿500 9500 14000 5000 225OO 2?500 30000 42500

(nu¡Èer of families)
4 Nufber SeLected Projects 13 18 15 21 21 31 21 26 18 23 23 18 25

5 Totat. BuCaer (s10^ó) 923.87 g}q 135.19 7rÁ.8 923-66 853.89 9?3.r,9 811.63 922-?3 895.8 895'8 92t' 9?3'68

SAIISFACTION OF SELECTIOH CRITERIA

Nunbe¡' of Projects1 PhysicaL PotentiaI

Ranqe: > 85%

802 - 857"
< 801

2 Existing Rice Fietds

Range: > 852
602' ao?.
502 - 60r

< 50u

3 FârÍÌer Readiness

Range: > 80:É
Lñ4. Qñ9

< ó0x

1',r 11 11 10 11

78878
01116

14 16 13
11 5 10

ó03
11316
575
ólu

710
57
11

56
a7
3¿,
l)

56
ó8
¿+

'll 12 10 10 6 7

655533
715517
?03358

1010101066
105121?88
ó 3 1 1 4 l0

12
5
z
)

tt
6
{,

1101?10
253ó
15t,6

129

010119
ó 10 6 12

9 1 4 10

Dq 1¿LT
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Table 4.25: Projects Selectecl At Stage ú : 1 By the FCCIGP Under the Three Conficlence

Lirnits on NPVB for Various Goal Preferences, the Possible Funding Decision /Allocation

D+lBT+ aud lvlembership Grade of Budgetary Constraint À: 1

PROPOSEO PROJECTS YEÂR IH gHICH COHSTRUCTfOH STÀRTEO

PROJEfi
NUIIBER & NAT'IE

Area
(ha )

HEf BENEFfI TRRIGÂTIOH AREÁ TRAI.ISHIGRAIIOH FAR¡{ER REAOfNESS

Confidence Levets Confidence Level.s Confidence Levets Confídence Levets

LoHe¡ Upp€r Heân LoHer Upp€r
Limit LÍmír Limit Linit

¡lean LoHer Upper Hean
Limit Línit

LoHer [Jpp€r Hean
Limir Limir

Kruffig Baro
Horth smtra
PasðEn
8åtang Klru
LilM smgkat

16772
/.1000

19?6
13800

2500
55906

5500
5000

13550
L100

10000
18923

1 301 58
74537
?5115

2580
1?9',1?

5000
12000

78?O
8000
1 200

10000
7500

?1200
'1950

1965
31?5
1520
2850
33ó0
8276

1st 1st 0'lst 0 1st
zrd 2ré 1st'lst 1st 0
/.rh 4th 3rd
0 1st 0
000

zrd 0 znd
1st 0 1st
000
000
001sc
1st 1st 1st
1st 1st 1st
1th 1st 1st
4th znC ¿rth

lsr 1sr 1st
04th0
000
000
000
000
0znd0
000
000
1st 1st 1st
0zrd0
000
000
000
000
000
000

1st
1st
1st
1st
4rh
1st

0
?rÅ
1st

0
0

lst

1st
4th

0
4rh

1st
1st
1sr
1st
4th
1st

0
Zrd
1st

0
0

1st
1st
1sr
1st
4rh

0
4rh

0
0
0
0
0

1st
0

1st
lrd
/. th

0
0
0
0
0

1st
.0
0

'lst

1st
0
0
0
0

lst
0

0
0
0
0
0
0

1st
l st
1st
1st
1st
1st

1st
4th
/rth

0
0
0
0
0

lsr
lsr
l st
1st
4rh
1st

0
erd
1st
0
0

1st
1sc
1sE
'lst
4th

0
4th

0
0
0
0
0

1st
0

1st
lrd
4rh

0
0
0
0
0

1sr lst
00
00
1st lst
3rd 4th
1sr 1st
00
10
10
00

1sr 1st
00
00
00
00
00
00
00
lst 1st'lsr 1st
lst 1sr
1st 1st
lst 1sE
1st lst
lst 1st
1st 1st
zrd /'th
4th 4rh
00
00
00
00
00

00
00

znd ZrÈ
00
00
00
00

¿nd Zrd
1st 1st
2tÀ ZrÁ
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00
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'I rh 1th

0
0
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1st
??ú

0
0
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1st
1th
lst
4th

0
0
0
0

4th
1st
1st
1st
4rh

0
3¡d
¿.th

4rh
3¡d
1rh

ó Kmcing
7 EaaL
I Uay Abung
9 gay Perdada
10 Âtas
11 ¡lanjuto Kånan
12 feLuk Lada
13 Jatigede
14 Jîêtunse(una
15 our,þi t
1ó Haduca
17 East Javã Rehab
18 sanEgau Ledo
19 Kasau
20 Rim Kanên
21 lorêut Songo
2? laop
?J Ka[ong
21 Eoya
25 San Rego
2ó Harctobi
ZZ Dataran Xobi
28 Hiröo Erang
29 frigasi Bati
30 EriMg NTg

31 Kâ[ imntong
32 Irigasi NTf
35 Enb$s HIT

1st
0

lst
3cd
4rh

0
0
0
0
0

PARÂHETERS GOAL AITÂÍH¡4EHT

1 trrigacìon Area (ha) 115570 1'15629 101176 461953 161953 Ló1953 19ó809 19óSO9 19ó809 38ó534 58ó534 38ó534

2 N.p.ù. of seneiít (s1o^6)1590.5 ?i79.5 796.6 153t.6 ?3?5 750.58 ¿78.1 527'Ja 11.?¿ 1409-7 2'153-6 673-19

J fragisration Support 1ó5OO Z75OO ó5OO SOOOO 5O0OO SOOOO 1¿5OO 4?500 ¿¿500 11000 11000 11500
(n$úær of f ani [ íes)

4 NurÈ€r setected Proiects 13 11 12

5 Total, Budqet (slo^ó) 9¿3.87 9?3.25 92O.Zs
'18 18 18 15 15 15 20 20 20

921 9?3.92 9¿3,92 135.19 1,3¿.82 L3?.82 9¿3-5 9¿3.51 9?3.51

SAfISFACTIOH OF SELECÍTO¡I CRf TERIA

HuÉ€r of Projects

8101010111111111
3777555666
1111666000

óó66111111111
¿313222555
31r. 1111333
1555888111

6666000101010
5888666888
1144999?22

7
5

1

5

z
5
3

5

ó
2

1 PhysicaI Potential

Range: > 852
802 - 85Í

< 80u
2 Existing Rice Fietds

Range: > 85f
ó0x - 80u
50u - ó02

< 50Ë
3 Faffir Readiness

Range: > 802
60i - 802

< ó02
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Table 4.26: Projects Selectecl At Stage t : 1 By the FCCIGP Under the Three Confi-

clence Limits on NPVB for Va¡ious Cornpromise Goai Preferences, the Possible Funcling

Decision/Ailocation DilBTl and Membership Grade of Budgetary Constraint À: 1

PROPOSEO PROJECIS YEÀR IH UHICH CONSÍRUCfIOH STARTEO

PROJECT

NUHBER & NA}TE

Area
(ha)

CÀSE A (HPVB=lA0) CÃSE I (NPv8=lS) CÂsE C (HPVS:FRo)

Confidmce Levets confidence LeveIs Confideñce Levets

Hean LoHer Uppec Hean
Limir Limit

LoHer Upp€r Hean LoHer Upper
LÍmit Limir Limil Limit

1 Krueng Baro 16772 lst
2 Xorth Sffitra 41000 lst
3 Pasaren 1926 ?rà
4 Bêtang Ktru 15800 1st
5 Linu sungkat ¿500 4th
ó Kffiring 55904 lst
7 8ða( 5500 0

I Hay Abung 5000 Znd
9 lJay Perdada 15550 1st
10 A(as U.00 0
'11 l{an¡uto Kanan 10000 0
12 Te(uk Lada 18923 1st
13 Jatigede 130158 1st
14 Jratmsetua 7L537 lst
'15 Dupi l. 25115 1 th
1ó lladura 2580 3cd
17 East Java Rehab 1¿912 0
18 sanggau Ledo 555 ¿rd
19 Kãsau 5000 0

20 Riam K¿nãn 12000 0

21 To.aut Bongo 7820 0
22 laopa 8000 0

23 Ka(ons 1200 0
¿4 aoya 10000 1st
25 San Rego 7500 Û

Zó UaHorôbi 21200 1st
ZZ oatacan Kobi 1950 znd
28 sitrÉþ Erãng 19ó5 4th
29 l¡igasi Sati 31?5 0
30 Eriilng l¡lB 1520 0
3l Kãt iÉntong 2850 0
32 lrigasi ITT fjóo 0
33 Etriilng xTf 8276 0

1st Ist
1st 'l st
znd ztd'lst lst
¿rth ¿th
1st lst
00
1st 2tÅ
1st 1st
00
00

1st 'lst
1st 1st
1st lst
1sr 1st
¿th 3cd
00

4th ¿.th
00
00
00
00
00

1st 1st
00

1st 1st
3rd 3rd
4th 4th
00
00
00
00
00

1sr 1st
1sr 1st
1st 0
1st 1st
¿.th zrd
lsr 1st
00
00

lst 1sç
00

lsr 1st
1sr 1st
00

1st 1st
1st 1st
0 4th

1st 1sc
1sr 3rd
1st 1st
lst lst
1st 1st'lst lst
1st 1st
lst lst
'l st 1st
lst lst
2tÁ 3¡d
4th 2tÁ
00
00
00
00
00

'lst
'lst
2nd
1st
1sr

0
0

'l st
0

1st
1st

0
1st
1sr

0

3rd
1st
1st
lst
1st
lst
1st

3cd
4th

0
0
0
0
0

0
0

2tÅ
0

4rh
0
0

1st
1st
1st

0
0

lst
1st
lst
4th
1st
/+th

0
0
0
0
0

1st
1st
4rh

0

3rd
1st
1st
1sr
1sr

0
0

?tá
0

4th
0
0

2rd
1st

0
0

1st

'1s r
4th

4rh

0
0

1st
0
0
0
0

znd
1st
2îd

0
0

1st
1st
1st
4rh
'I st
3rd

0
0
0
0

4rh

1st
1st
4rh

0
3cd
4rh
lrh
lst
1st

PARAHETERS GOAL AITAIH!{ENÍ
1 l¡risarion Area (ha) 161953 161953 t61953 118617 418617 416301 3A78J1 387831 38ó531
Z N.P.V. of senefit (sl0^ó)1537.8 2f25 750.58 14ZO-7 2189.6 613-76 1t'16.6 ?163.1 673'19
3 Tfansmísrarion Suppoft Soooo 30ooo 30000 42500 /+2500 42500 11000 11000 11000

(nulr€c of families)
4 HuÈer Se[ected Projects 18
5 Totat BtJdset (s10^ó) 9?3-96

SATISFACTIOH OF SEL€CTIOI¡ CRITERIA

l Physical, Potffitiat

Range: > 85X
807. - 85U

< 802
2 Existing Rice Fietds

Range: > 85U
ó0f - 80u
502 - 602

< 502
3 Farrer Readiness

Ranqe: > 80I
ouÂ. öua

< 602

NwË€r of Projects

1sr
4rh

0

3rd
4rh
4th
'lst
'lst

99111114
88666
66000

661212.12
35411
66113
88111

11101010
99888

1010?2?

t0 10 '10 I
7778
11'l 6

6666
JJJ)
1116
5558

6661
8889
1 ¿, 4 10

18 18 25 ?5 25 Z0 Z0 20

921 924.67 9?3.81 922.53 9¿3.9? 925.9A 9¿3.98 924

HofE: NPvs=lAD : PREFÉRENCÉ ¡S G¡vÉH To EOÍH HPVB ÂN0 IA0 GoALs''-'-- 
xpve=fs : PREFEREHCÉ tS GIVEI¡ lO BoTH HPvg ÄND lS GoALS

HPVS=FR0 : PREFÉRENCE IS G¡VÉX fO BOTH NPvg AND tRo GOALS
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Table L.27: Input Data for All Cases of the SDP Resulting from the FCCIGP At NIean

Confidence Limit of the NPVB Criterion for Stage i of the SDP

Index ")

of Level

of Actua.Ì

Fr:¡ding

Received

fj

Index ö)

of Level

of Possible

Funding

Dl

Level ")

of Possible

FtuLding

Allocation

BTf
($; Miì-tion)

Cost d)

Escalation

Coefficient

(%)

Anf't'¡
Irrigation

Area

Developed

(hectares)

Optùnal l)

Return

in Term of

NPVB
t¡k,Iv1

Totale)

cost

Required

($ Million)

l=1

I 
-1

,b=1
tr.-,)

,L=3
L-l

L- <

924.O

809.0

693.0

578.0

462.O

923.87

808.58

690.61

Ðt (.Yt

467.92

4

7

10

13

415,570

363,944

326,369

255,9r4

198,345

1590.48

t307.25

t244.93

1008.56

820.59

I_,

t-,)

I -,)

l-t

a-1
I.-.)

l--a

It=4

Æ=D

4

0

10

13

923.43

807.55

690.61

577.97

467.92

384,722

365,199

326,369

255,914

198,345

1435.23

1454.88

1244.93

1008.56

820.59

924.O

809.0

693.0

578.0

462.O

l-a

l-a

k=L
L-,)

l.-a

IJ

4

0

7

10

923.90

808.58

692.64

ðl/.öÕ

461.93

363,944

363,944

347,639

283,562

212,062

1160.78

1307.25

1367.96

1L42.36

893.34

924.O

809.0

693.0

578.0

462.O

l-.1

l-À

I=4

,{.=1

k=4
À=5

923.90

808.20

690.61

577.65

461.64

363,944

341,871

326,369

297,39O

214,645

1 1 60.78

1 162.83

1244.93

1242.46

908.35

924.O

809.0

693.0

578.0

462.0

IJ

10

7

0

4

,1.=1

l--.1

l- 
- 

t

lc=4

À=5

923.90

808.20

690.61

577.97

461.88

363,944

341.,871

326,369

267,040

246,563

1 1 60.78

1162.83

7244.93

1 070.1 6

1 108.90

924.O

809.0

693.0

578.0

462.O

13

10

4

0

Note:

o) For/=1,...,N&,;,-ilv¡r,,,-=5; t=1,i =1'.'.,Jt-'26; andrr¿=1,..',1/p¡,,, =5
Where: N¡r,,,^= nur[ber of levels of actual fi:-nding received at the state lj'-
ö) ForÀ= 1,...,NDr,¡,-iNÐr,;,-=5i t=l;i = 1,..., J1 -26; andrn= 1,"',Np¡r, =5
Where: NDr,;,- = nunber of levels of the possible fr-urding decisions planned at the state ¿;'-

') Level of Possible Funding Allocation (E"f ) ln monetary terms ($ Miìlion)

d) Cost Escalation Coefficient = 0, or without cost escaìation, rvhen ,L = I

") I¡rigation Area Developed associated rvith e$h level of possible fr.urding (hectares)

l) Opti¡rr.l Econouúc Retum iu terms of NPVB for each level of possible fu:rding (S Million)

g) Total cost recluired associated. with each level of r{Df'¿
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Table A.28: Input Data for All Cases of the SDP Resulting from the FCCIGP At Lower

Conficlence Limit of the NPVB Criterion for Stage t :I of the SDP

I-ndex") Index6)

of Level of Level

of Actual of Possible

Fu.nding Fulding

Received Df

F! ($ Million)

Level')

of Possible

Fr-rnding

Allocation

BTf

Cost d)

Escalation

Coeffi.cient

(%)

l, nk 'l t)

Irrigation

A¡ea

Developed

(hectares)

Optimal l)

Retr¡rn

in Ternr of

NPVB

vk'l

Totals)

cost

Required

(S Miìlion)

924.O

809.0

693.0

578.0

462.O

0

4

7

10

13

ôta o<

808.58

692.89

577.96

461.47

I 
-1

l=1
l=1

l=1
l=1

l,=1
I--,)

475,629

372,744

3r2,463

255,9r4

239,409

ta7ô <2

2044.97

1771.47

1512.21

1115,71

924.O

809.0

693.0

578.0

462.O

4

0

923.83

807.31

692.89

577.96

46r.87

l-n

l-n

l-a

È=1
L-,)

l^-Ò

k=4

382,448

365,199

312,463

255,974

239,409

ztD0.J0

2165.65

777t.47

7512.2L

1 115.71

10

13

924.O

809.0

693.0

578.0

462.O

13

4

o

7

10

923.76

808.58

692.93

577.70

461.93

l-t

¡:o

Ä=1
l.-.)

È=3
k=4

372,744

348,444

269,003

212,062

1593.45

2044,97

2023.79

7602.70

1319.89

924.O

809.0

693.0

5 78.0

462.O

13

10

7

0

4

923.76

808.63

692.89

577.93

461.93

l=4

l=4

l-À

È=1

Jc=4

Æ=5

328,332

341,871

312,463

304,021

236,241

1593.45

1801.26

7777.47

1827.65

1497.44

924.O

809.0

693.0

578.0

462.0

13

10

4

o

923.76

808.63

692.a9

577.98

46t.82

t=J

l=5

Ä=1
l"-t

l--c

k=4
Æ=.5

328,332

341,871

312,463

282,935

247,93s

1593.45

1801,.26

1771.47

1680.17

1603.23

Note:

") Forl=1,...,N¡r,¡,^;lV¡,,,,*=5; t=L;i =1,...,J1 -26;a¡rdrn=1,...,1V¡¡r,. =5
llfhere: N¡,,,, - = mrmber of levels of actual fu¡ding received at cire state .L j'-
b) For,tr = 1, ..., /VÐr,;,* i N¡r,;,- =5; t = li i = I,..., Jt - 26; and zn = 1, ...,lV¡¡r,, = 5

Where: ND,, ;, - = number of levels of the possible furding decisions planned at tl..e stat e Li'n

') Level of Possible Fu¡ding Allocation (ATf ) in monetary terms ($ Million)
d) Cost Ðscalaùio¡r Coefficient = 0, or without cost escalation, rvhen ,b = /

') Irrigation Area Developed associated with e$ch level of possible funding (hectares)

l) Optìnrl Econonúc Reùurn in terms of NPVB for each level of possible fr:¡ding (S lvfillion)

g) Total cost required associaùed rvith each level of,4Df'¿
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Table 4.29: input Data for All Cases of the SDP Resulting from the FCCjIGP At Upper

Conficlence Limit of the NPVB Criterion for Stage f : I of the SDP

hrdex") I¡rde*ò)

of Level of Level

of Actual of Possible

Frmding Fulding

Received Dl

-l

Levelt)

of Possible

Fr-:¡ding

Allocation
ÞTÈDtI

($ Mil-tion)

Cost d)

Escalation

Coeficient

(%)

ADIJ'7

Irrigation

A¡ea

Developed

(hectares)

Optimal l)

Retu¡n

in Tenn of

NPVB

vk't

Totale)

cost

Required

($ Million)

0

4

7

10

1t

920.35

653.89

680.15

570.50

467.72

l=1
l=1
/=1
/:1

I=1

I.-.)

k=4
,î=5

924.O

809.0

693.0

578.0

462.O

404,476

304,890

304,890

250,090

171,995

796.60

615.s0

578.68

498.27

475.47

4

0

7

10

13

922.56

808.73

680.15

570.50

46'1.72

t-,

I-.)

I-.)

À=1
I'-.)

k=4
,lc=5

380,248

3s5,976

304,890

250,090

171,995

682.27

578.68

498.'27

475.47

924.O

809.0

693.0

578.0

46'2.0

13

4

0

10

793.16

653.89

591.94

570.49

461.2s

¡=ù
¡-c

I-1

l-a

I-a

y',=1

I.-.)

L-^

304,890

304,890

304,890

263,890

209,395

403.30

615.50

666.89

547.49

466.51

9'24.O

809.0

693.0

578.0

46'2.O

13

10

0

4

793.16

680.1 5

ò/ /.òJ

461.87

l=4
l-¿.

I=4
1-i

I=4

¡ü=I

L-t

Æ=J

Ic=4

¡J=5

304,890

304,890

304,890

297,390

227.763

403.30

494.29

s78.68

682.16

555.67

924.0

809.0

693.0

578.0

462.O

i3

10

4

0

793.76

680.15

461 .88

l- <

¡=ð
l=5

À,=1

L.-t

l.-D

Ic=4

Æ=5

304,890

304,890

:104,890

271,414

246,563

40i1.30

494.29

578.68

594.68

62s.86

924.0

809.0

693.0

578.0

462.O

Note:

o) Forl=1,.,.,NFr,;,*;N¡,r,¡,*=5,t=1;i =1,...,Jt=261a¡tdz¿=1,...,Np¡r,, -5
Where: Nrr,¡,^= nunber of levels of actual fu-uding received at the state li'm
ò) Fo.A=1,...,NÐ,,;,-;N¡r,¡,-=5i t=7ii =1,...,J1 =26; audn¿:1,...,Np¡r, =5
Where: lVÐ,,,,^= nurnber of levels of the possible frurding decisions plarued at the state lj'ñ

') Level of Possible Funding Allocation (B"f) in ruonetary terms ($ MiIIion)

d) Cost Escalaüion Coefficient = 0, or without cost escaìat.ion, rvhen ,t = I

") trrigation Area Developed associated with e4[ch level of possible flurdiug (hectares)

f ) Optiur.l Econornic Retr:¡n in temrs of NPVB for each level of possible fundiug (fi Ìvfillion)

s) Total cost required associated with each tevel of ADf'¿
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Table 4.30: Input Data for All Cases of the SDP Resulting from the FCCIGP At lvlean

Confidence Limii of the NPVB Criterion for Stage t :2 of. the SDP

hrdex") hrdex6)

of Level of Level

of Actual of Possible

Fulding Fr-r-nding

Received DË

F; (l$ Milion)

Levelt)

of Possible

Furding

Allocatiou
Ð4kD !2

Cost d)

Escalation

Coefficient

(%)

AO!'t'¡

Irrigation

Area

Developed

(hectares)

Optim¿l l)

Return

in Term of

NPVB
¡ ¡k,I,2

TotaJe)

cost

Required

($ Miüon)

/=1

l=1
I=1

l=1

lc=7

,t=3
lc=4
Æ=t

796.0

690.0

580.0

478.O

370.0

2O2,rOO

182,233

146,603

116,075

97,825

891.59

809.46

736.90

661.40

521.05

0

4

10

13

710.03

689.63

579.5s

477.53

óov. f 4

l-a

I_,

Ì-n

l-u

A=1
L-')

l--a

l- 
- 

a

202,100

194,433

146,603

116,075

97,825

822.57

880.61

736.90

661.40

521.05

4

0

10

13

769.03

684.84

579.55

477.53

369.74

796.0

690.0

580.0

478.0

370.O

1-a

l-c

I 
-c

/=3

k=1

t. 
- 

a

Ic=4

Â'=5

r78,703

r82,233

166,433

t24,635

to2.425

664.79

809.46

855.21

704.67

55r.57

13

4

0

7

10

795.74

689.63

578.35

477.97

369.52

796.0

690.0

580.0

478.O

370.0

l-a

l-À

l-À

t-- 1

L-t

lc=4

t78,703

163,933

146,603

141,565

89,695

664.79

709.01

736.90

808.38

643.87

10

0

4

795.74

689.61

579.55

477.76

369.1 5

796.0

690.0

580.0

478.0

370.0

I=4
l=5

178,7O3

163,933

146,603

107,655

664.79

709.01

736.90

754.6t

735.55

795.74

689.61

579.55

477.80

368.82

796.0

690.0

580.0

478.O

370.0

/r=5

Æ=J

t-_<

I;=5

13

10

7

4

o

Note:

")ForI=1,...,ff¡.r,;,-;lV¡r,,,*=5, t=2;i =1,...,J2-26iandrn=1,"',N¡¡r, -5
Where: N¡,, ¡, - = nu:nber of levels of actual ftrnding received. at the state /,f 'm

à) Fo.A= 1,...,NÐ,,,,-i N¡¿,;,^=5, t-2;i = 1,..., J2-26, andrz¿= 1,...,Np¡,, =5
Wrere: ND,,,,*= number of levels of the possible fr:nd"ìng decisions planned at the state .Lj'-

") Leveì of Possible Furding .A.Ilocation (ETf) in monetary terms ($ Miìtion)

d) Cost Escalation Coefficient = 0, or rvithout cost escalatiou, rvheu ,b = I

") I¡rigation Area Developed associabed rvitir eq[ch level of possible fr.rrLding (hectares)

l) Optirnal Economic Retu¡n in tenns of NPVB for each level of possible fr-uLdìng ($ Million)

g) Total cost requìred associaôed rvitll each level of ,4Df 'l
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Tabie 4.31: Input Data for All Cases of the SDP Resulting from the FCCIGP At Lo.,ver

Confidence Limit of the NPVB Criterion for Stage t:2 of the SDP

I¡rdex")

of Level

of Actual

Funding

Received

F¿

I¡rdexó)

of Level

of Possible

Fulding

Dt

LeveI')

of Possible

Fulding

AIlocaùion

p.T'k
"-2

($ Million)

Cost d)

Escalation

Coefficient

(%)

AD!'te¡

Irrigation

A¡ea

Developed

(hectares)

Optimal l)

Return

in Term of

NPVB
t¡k,l,z

Totale)

cost

Required

($i Mil-tion)

l--7
l=1

/=1

T= I

Å'= 1

l--a

k=4

796.0

690.0

580.0

478.O

370.0

o

10

13

795.05

686.14

579.61

477.80

369.74

225,259

t82,233

146,635

116,075

97,825

1499.56

1314.78

1 182.33

1047.26

817.80

l-n

t-.)

I -,)

lc=7
t -,)

Ic=4

,t=5

796.O

690.0

580.0

478.O

370.0

4

0

10

13

795.76

689.78

579.61

477.80

369.74

211,115

196,833

146,635

116,075

97,825

1398.14

1413.15

1182.33

7047.26

817.80

I 
-a

l=ó

l=ó

lc =7
L-.1

796.O

690.0

580.0

478.O

370.0

13

4

0

10

797.9r

689.63

579.03

477.9r

369.s1

178,633

182,233

166,433

724,635

702,425

1168.60

1314.78

7334.76

1106.47

858.67

I -,7
I=4

l=4

l=4
l-¿

,4;=1

L-c

l'-^

796.0

690.0

580.0

478.O

370.0

13

10

7

704 o1

689.91

s79.61

477.91

369.15

0

4

178,633

163,933

l4o,oó,)

142,033

89,695

1168.60

1184.36

1182.33

1251.77

982.64

l-É

I 
-¿

,- <

k=1
l. -.)
l--D

796.O

690.0

580.0

478.O

370.0

13

10

7

4

0

797.9t

689.91

579.61

368.82

178,633

163,933

146,635

732,435

107,655

1 16E.60

1184.36

1182.33

rr72.31

1104.89

Note:

o) For I = 1,...,l/n, -;Nn - -=5, ú =2¡i=7,...,J2 =26, andrn = 1,...,Npn, = 5¡ t,rrm, t t,t,m

lVhere: N¡r,i,*= munber of levels of actua-I fuding received at the state li'æ
ö) ForÀ=1,...,]Vpr,,,-iN¡,,;,-=5i t=2ii=1,...,J2 =26; and m=r,.--,/Vpp,,, =5
Where: NDr,,,-= nu¡rber of levels of the possible fund-ing decisions plarured at the state .Li'-

") Level of Possible Fu-nding Allocaùion (B"j) n monetary terms ($ MilJ.ion)

d) Cost Escalaùion Coefficient = 0, or rvilhout cost escalation, when ,t = /

') I¡rigatiou Area Developed associated ivith e$ch level of possible fuading (hectares)

l) Optinral Econornic Retum.in tenns of NPVB for each level of poss.ible furding ($ fulilliou)

s) Total cosù required associated with each level of,4Dj'¿

.JJ.)



Table 4.32: I¡put Data for All Cases of the SDP Resulting from the FCCIGP At Upper

Conficlence Lirnit of the NPVB Criterion for Stage t :2 of the SDP

I¡rdex") Iudexb)

of Level of Level

of Actual of Possible

Fulding Funding

Received Dt

F¿ ($ Million)

Level')

of Possible

Fu-nding

Allocation

BT!

Cost d)

Esca.lation

Coefficient

(%)

ADIJ'7

lrrigation

A¡ea

Developed

(hectares)

Optirn¿t l)

Return

in Ter¡n of

NPVB

vk,r

Totale)

cost

Required

($ Million)

796.0

690.0

580.0

478.O

370.0

0

4

10

549.90

595.83

579.36

477.82

369.74

l=1

/=1
I=7
/=1
I 

-1

L-t

lc=4

k=5

1.57,433

t57,433

146,603

116,075

97,825

368.59

315.85

291.16

274.97

224.37

796.0

690.0

580.0

478.O

370.0

4

0

7

600.80

549.90

579.36

477.83

369.74

l-)

È=1
l.-')

l--2

Ic=4

k=5

r57,433

t57,433

146,603

116,075

97,825

337.O7

369.59

291.16

274.97

224.31

10

13

796.0

690.0

580.0

478.0

370.0

13

4

0

7

10

712.rO

595.83

549.90

477.91

369.96

l=ó

¡=ò

y';=1

L-t

Ä=4

1 57,433

757,433

157,433

124,635

102,425

179.84

315.85

369.59

302.87

796.O

690.0

580.0

478.O

370.0

13

10

0

4

712.tO

667.59

579.36

477.97

369.15

l-.1

I_J

l=4
I=4
l-a

l. 
- 

1

k=4
k=5

r57,433

757 433

146,603

139,53s

89,695

179.84

231.89

291.16

376.24

305.10

796.0

690.0

580.0

478.O

370.O

712.rO

667.s9

5 / v.Jb

476.68

368.82

I=5
l=5

,L=1

È=5

157,433

157,433

146,603

131,435

107,655

1.79.84

231.89

291.16

JJÓ.J Z

366.21

13

10

7

4

0

Note:

") For l = 1,..., N¡'., - i N¡,,;,-=5; t = 2; i = 1,..., Jt - 26; and z¿ = L, ..',Np¡r, = 5

Where: NF,,,,^= number of levels of actual fu¡ding received at tire state i'r'æ

ò) For,t = 1,...,Np,,;,-iN¡r,;,*=5i t- 2;i = 1,..., Jt - 26; andrn = 1,"',-ô/p¡r,, - S

Where: NÐ,,,,- = number of levels of the possible funding decisions planned at the state Ii'-

") Level of Possible Fu:nding Allocatio¡r (BT[) Á nonetary terms ($ Million)

d) Cost Escalation Coefficient = O, or rvithout cost escalation,'when À = I

") I¡¡igation Area Developed associated rvith e$ch level of possible fu¡ding (hectares)

J) Optimal Eco¡rouúc Retum in terr-ns of NPVB for each Ìevel of possible fir¡dìng ($ Ivliìlion)

s) Total cost required associated with each level of ADf'l

,).)+



Table 4.33: Input Data for All Cases of the SDP Resulting from the FCCIGP At NIean

Confidence Limit of the NPVB Criterion for Stage I : 3 of the SDP

lndex") Indexö)

of Level of Level

of Actual of Possible

Funding Fr-urding

Received Dt

F¿ (s Milliou)

Levelc)

of Possible

Funding

Àllocation

BT!

Cost d)

Escalation

Coefficient

(%)

Ao!'t"¡

Irrigaiion

Are¿

Developed

(hectares)

Opiirn¿l l)

Retu¡n

in Term of

NPVB

trkJ

Totale)

cost

Required

($ MilJ-ion)

0

4

10

910.62

908.95

769.33

629.87

485.36

l=1
l=I

l=1
l=1
I-r

L -1

L.-t

I;=4

,b=5

1050.0

910.0

770.O

630.0

490.0

248,618

233,1 18

188,970

146,720

104,916

934.38

835.70

729.24

672.55

584.76

4

0

7

10

13

1000.16

909.35

769.33

629.87

cöð,JD

l-u

l-.)

I=2

l-- l

l. 
- 

À

248,618

248,616

188,970

146,720

104.916

836.44

933.91

729.24

672.55

584.76

1050.0

910.0

770.O

630.0

490.0

13

4

0

10

1047.30

908.95

769.62

628.87

488.1 8

l-t

l-Ò

l-â

,ts:1

l--t

L-¿.

Æ=5

228,868

233,118

216,968

151,790

712,234

645.97

835.70

900.22

704.70

625.32

1050.0

910.0

770.O

630.0

490.0

13

4

0

10

1047.30

904.26

769.62

626.O7

488.18

l=4
I_A

l-L

I--4
I=4

L-a

k=4
A=5

228,868

209,570

216,968

L77,720

729,290

645.97

700.32

900.22

824.00

721.28

1050.0

910.0

770.O

630.0

490.0

13

4

0

10

1047.30

904.26

769.62

629.45

489.20

l=5

/=5

t:s
¿=5

,L=1

L._,I

228,868

2O9,57O

216,968

160,320

138,190

645.97

700.32

900.22

755.80

/¿5b.¿J

1050.0

910.0

770.O

630.0

490.0

Note:

o) Forl=1,...,1V¡,,,,-;N¡,,,i,^=5,t=3,i =1,...,J3=26, andm=1,...,/Vp¡,,, =5
Where: N&,;,-= nu¡tr.ber of leveis of actual funding received at the state .Li'm

ò)Fot,t=1,...,NÐr,;,-;/Vo¿,i,-=5i t-3;i=1,...,h-26;andr¿=1,"',Np¡,,,=5

Where: lVDr,,,-= nunber of levels of the possible fulding decisions plarured at the state -Li'-

') Level of Possible Fr:nding Aìlocation (B"j) in monetary terms (S Mil-lion)

d) Cost Escalation Coefficient = 0, or rvithout cost escalation, rvhel lc = I

") Irrigation Area Developed associated with eflch level of possible funding (hectares)

l) Opti...l Econonr.ic Return in tenns of NPVB for each level of possible funding ($ fufil-tion)

g) Total cost required æsociated rvith each ievel of ADf '¿

e,l(
ddL,



Table 4.34: Input Data for Ali Cases of the SDP Resulting from the FCCIGP At Lorver

Confidence Limit of the NPVB Criterion for Stage ú : 3 of the SDP

hrdexo) hdexb)

of Level of Level

of Àctuai of Possible

Funding Funding

Received Dt

4 ($ Muion)

Level")

of Possible

Fr:¡ding

Allocation

BT!

Cost d)

Escalation

Coefñcient

(%)

AD!'t"1

Irrigation

A¡ea

Developed

(hecbares)

Optimal l)

Return

in Term of

NPVB
trk,l,3

Totale)

cost

Required

($ Miiì.ion)

1050.0

910.0

770.O

630.0

490.0

0

4

7

10

1J

1049.60

908.94

769.73

629.64

490.00

/=1
/=1
/=1
l=7

l=1

L-t

l;=4
k=5

282,464

233,118

185,420

146,720

707,s27

1597.36

1 390.71

1233.74

1081.71

915.87

10s0.0

910.0

770.O

630.0

490.0

4

0

7

10

13

1049.35

ono t?

769.73

629.64

490.00I -.)

I¿ _1

L-t

k=4
Æ=D

262,468

248,868

185,420

146,720

707,527

7447.O9

1 515.28

1081.71

915.87

13

4

0

10

1049.74

908.94

769.25

629.15

489.94

¿=J

l-a

/=3

l;=7

k=4
À=5

1050.0

910.0

770.O

630.0

490.0

229,968

233,1 1 8

217,018

l.51,790

114,873

1192.55

1390.71

t422.14

11.23.17

937.54

13

10

7

0

4

to49.74

909.16

769.73

628.80

489.58

l=4

l=4

l=4
l=4
l=4

,(=1

Æ=ó

k=4
l- 

- 
=

229,968

204,968

185,420

173,2t8

129,290

1 192.55

1219.63

L233.74

r 287.85

1094.79

1050.0

910.0

770.O

630.0

490.0

13

10

7

1049.74

909.16

769.73

628.19

489.20

/=5

l-c

Ä=L
Í.-.)
Æ:ó

À=5

229,968

204,968

185,420

160,320

138,190

1 192.55

1 219.63

t233.74

Lt92.16

t178.32

1050.0

910.0

770.O

630.0

490.0

4

o

Note:

")Forl=1,...,N¡,,;,*;N¡r,;,_=5,t=3,i =1,...,Jg=26; andrn=1,.,.,Np¡r,,=5

lllhere: N¡,,,,- = number of levels of actual fr.urding received at the state l!'-
b)For,b=1,...,I{Ðr,,,-iNDr,¡,-=5,t=3,i=1,...,Js=26,¿rzdm=1,...,NPFt,i=5

lVlrere: NDr,r,*= nu¡nberof levelsof ihepossiblefundingdecisiorrplaruredat' thestaÙe,L!'æ

') Level of Possible Funding Allocation (B"j) in rnonetary terms ($ Million)

d) Cost Escalation CoefÊcient = 0, or rvitirout cost escalation, ivhetl ,t = I

") Irrigaùion Area Developed associated rvith e$ch level of possible funding (hectares)

l) Opti..rrl Ecouonric Retu¡n in temrs of NPVB for each level of possible fu¡ding (S ìvliÌj-ion)

g) Total cost required. associated rvith each level of ADf'r
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Table 4.35: Input Data for Ali Cases of the SDP Resulting from the FCCIGP At Upper

Confidence Limit of the NPVB Criterion for Stage ú : 3 of the SDP

Lrdex") hdexb)

of Level of Level

of Actual of Possible

Fundiug Fu-nding

Received Dt

4 (s Million)

LeveI')

of Possible

Funding

Allocation

BT!

Cost d)

Escalation

Coefficient

(%)

ADIJ"1

Irrigation

Area

Developed

(hectares)

Opôim¿l l)

Rett¡-rn

in Term of

NPVB
t¡Ë,1,s

Totalg)

cost

Required

($ Miìlion)

I 
-1

l=1
I=7
l=1
¿=1

1050.0

910.0

770.O

630.0

490.0

0

4

10

345.17

374.O5

396.33

418.87

442.O2

lc=7

l--a

l-- t

Æ:5

95,362

95,362

95,362

95,362

95,362

379.01

344.93

318.64

292.O4

264.73

1050.0

910.0

770.O

630.0

490.0

4

0

7

10

13

374.O5

345.L7

396.33

4t8.87

442.O2

t=¿

t-,

A=1 95,362

95,362

95,362

95,362

95,362

344.92

379.01

318.64

'292.O4

264.73

1050.0

910.0

770.O

630.0

490.0

13

4

0

7

10

442.O2

374.O5

345.1 7

396.33

418.87

l-a

l-a

l-a

I 
-2

k=1
tr,-,)
l--a

k=4
t- 

- 
<

95,362

95,s62

95,362

95,362

95,362

344.93

379.01

318.64

292.O4

13

10

0

4

442.02

418.87

396.33

345.77

374.O5

l=4
l=4
l=4
l-^

l=4

Ä=1
¡, -.)
l^-a

k-4

1050.0

910.0

770.O

630.0

490.0

95,362

95,362

95,362

95,362

95,362

264.73

292.O4

318.64

379.01

344.93

442.O2

47A.87

396.33

374.O5

345.17

¿=5

¡=ò

,(:=1

l--.)

Æ=J

Ic=4

l,=5

95,362

95,362

95,362

95,362

9s,362

264.73

292.O4

318.64

344.93

379.01

1050.0

910.0

770.O

630.0

490.0

13

10

4

0

Note:

") For / = 1,...'N¡,,,,- i N¡r,;,*=5, t = 3, i = 1, "'' J3 - 26; alld r¿ = 1, "',Np¡,, = 5

lVirere: N¡'r,,,-=nu¡rberof levelsof actuaì fuldingreceivedattirestate'Lj'm
ô) Fo. &=1,...,N¡,,¡,-iN¿,,;,-=5, t=3,i =1'...,Js=26,andm=l,...,N¡¡r,; =5
Where: ND,,,,^= nuurber of levels of the possible funding decisions plan-ned at the state lj'-

") Level of Possible Fr.urding Allocation (ETf) in monetary terms ($ Miil"ion)

d) Cost Escalation Coeffi.cient = 0, or rvithout cost escalation, rvhen È = I

") lrrigation Area Developed associated rvith e$h level of possible fu¡ding (hectares)

l) Optimal Economìc Retr¡r¡r .in tenns of NPVB for each level of possible fu-nding ($ MiìIion)

s) Total cost required. associated rvith each level of ADj'¿

ó.) f



Table 4.36: Input Data for All Cases of the SDP Resulting from the FCCIGP At Mean

Conficlence Limit of the NPVB Criterion for Stage t : 4 of the SDP

Indexo) Indexb)

of Level of Level

of Actua.l of Possible

Fr:lding FurLding

Received Dt

Fl ($ Million)

Levelt)

of Possible

Funding

Allocation

BTT

Cost d)

Escalation

Coeffi.cient

(%)

An!'t'¡
Irrigation

Area

Developed

(hectares)

Optirnal l)

Return

in Ten¡r of

NPVB

v;,'

Totale)

cost

Required

($ Miuion)

1080.0

936.0

792.O

648.0

504.0

0

4

10

to60.44

930.31

644.50

641.03

499.63

I 
-1

l=7

l=1
l=1
l=1

l--1

l- 
- 

I

l-- A

,L=5

258,565

2741605

146,415

139,215

98,550

1298.23

tlto.24

909.55

863.76

734.52

1080.0

936.0

792.O

648.0

504.0

4

0

10

13

to77.97

932.83

644.50

641.03

499.63

/-.)
I 

-')

Ic=1

,b=3
l--À

Ä=5

251,565

235,565

146,415

139,215

98,550

1164.82

1233.89

909.55

863.76

124 <t

1080.0

936.0

792.O

648.0

504.0

13

4

0

7

10

1075.51

932.83

785.47

644.50

502.19

¿=ó

É=1
L-,)

l. 
- 

a

rc=5

208,48s

235,565

195,093

746,415

105,550

899.60

1233.89

1163.19

909.55

798.64

1080.0

936.0

792.O

64E.0

504.0

13

10

7

0

4

1075.51

934.66

644.50

646.32

500.91

l=4
I=4

,(=1

À-=J

Á:=4
l.- <

208,485

192,893

746,4r5

158,890

129,315

899.60

970.46

909.55

1098.70

975.24

1080.0

936.0

792.O

648.0

504.0

10

4

0

1075.51

934.66

644.50

647.78

500.91

/=5
l=5
¡=J

l=.5

Æ=1

L-a

208,485

192,893

746,47s

146,155

129,31s

899.60

970.46

909.55

1022.60

975.16

Note:

") For / = 1,...,NF,,;,*; N¡,,;,^=5, t = 4, i = 1,..., Ja - 31; and n¿ = 1,.",N¡pr, = 5

Where; N¡,,;, - = m¡-mber of levels of actual fulding received at the staie ¿;'ñ
b) For À = 1,...,NDr,¡,-; Npr,;,^=5, t = 4, i = 1, "', Ja - 31,andro=1'"',NrFr,¡ = 5

Where: NÐ,,,,-= uu¡uber of levels of the possible funding decisions planned at the state Ij'-

') Level of Possible Fu¡ding Allocatiou (B"f ) in tnoùetary temrs ($ Million)

d) Cost Escalation CoefiÊcierrt = O, or without cost escalatiorr., rvhen .t = I

") I¡rigation Area Developed associated rvith ffiìr level of possible frurding (hectares)

f ) Optirnal Economic Return in terms of NPVB for each level of possible fu¡ding ($ Ñfiì-tion)

s) Total cost required associated rvith each level of JDf'¿
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Table 4.37: Input Data for All Cases of the SDP Resulting from the FCCIGP At Lorver

conficlence Limit of the NPVB Criterion for stage t : 4 of the sDP

hrdex") I¡¡dexö)

of Level of Level

of Actual of Possible

Funding Fulding

Received Dt

Fl ($ MilLion)

Level")

of Possible

Fr-urding

Al.location

BTT

Cost d)

Escalation

Coefficient

(%)

ADIJ"¡

Irrigation

Area

Developed

(hectares)

Opti¡¡rd /)

Retr:¡n

in Ten¡r of

NPVB

VK'I

Totale)

cost

Required

($ Million)

1080.0

936.0

709 n

648.0

504.0

0

4

10

1078.85

935.90

79r.76

646.50

501.75

l=1
I=7
J=1

I 
-1

,t=1

l--a

L-Á.

t-_<

264,785

208,547

771,795

72s,205

98,550

2030.80

1755.56

1553.98

1326.61

1093.20

1080.0

936.0

792.O

648.0

504.0

4

0

10

13

to74.o

935.75

797.76

646.s0

501.75

L=Z

I -')
l-.)

t-,)

I -t

¡.-.)
l--a

l-- À

244,4O5

238,185

).71. t795

1 2 5,205

98,550

1A74.82

1901.96

1553.98

1326.61

1093.20

13

4

0

7

10

1079.s5

935.90

79t.20

646.84

502.19

l-t

I-2

l=3

ft=1

T._A

215,402

208,547

189,035

135,955

105,550

1550.06

1t,)ð.öo

7775.70

1411.13

1167.74

1080.0

936.0

792.O

648.0

504.0

13

10

0

4

t079.55

oa< e9

79r.76

647.97

502.45

l"=2

Ic=4

k=5

215,4O2

197,055

771,795

158,890

1.20,950

1550.06

1s 73.95

1553.98

1619.38

1319.80

1080.0

936.0

792.O

648.0

504.0

l=4
l-Á

I=4
I=4
I=4

13

10

7

4

0

1079.55

935.82

79L.76

677.77

503.86

,b=1

Ë=3
L-,t

l^-=

275,402

197,055

771,795

146,155

132,070

15s0.06

1573.95

1ss3.98

1 51s.58

1404.70

J=5

L:5

l=5

1080.0

936.0

792.O

648.0

504.0

Note:

") Forl=1,..-,N¡rr,,,-iNFr,;,-=S, t=4,i =1,...,J+ =31;andm=1,.'.,ly'p¡r,, =5
Where: N¡,,,,*= nunrber of levels of actual fi:nding received at the state -Li'-
b) For À = 1,'.., I{Dr,;,- ; .lV¡r,,,,^ =5, t = 4, i = 1, ..., J4 - 3r,ør¿¿lm=l,"',NPf'r,, = 5

Where: NÐr,,,-= nu-rnber of levels of the poss.ible fi:nd.ing decisions planled at the state Li'-

") Level of Possible Fu-nding Allocation (B"f) in monetary terms (S Million)

d) Cost Escalation Coefficient = 0, or without cost escalation, rvhen .& -- I

.) hriga¿ion Area Developed associated rvith ff.fh l.evel of possible fr:nding (hectares)

/) Optimal Economic Retun in terms of NPVB for each level of possible funding (S Million)

g) Total cost reqtúred associatecl rvith each level of, Df'l
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Table 4.38: Input Data for All Cases of the SDP Resulting from the FCCIGP At Upper

Conficlence Limit of the NPVB Criterion for Stage t : 4 of the SDP

I¡rdex") Lrdexö)

of Level of Levei

of Actual of Possible

Fr:nding Fr-r:nding

Received Dt

Fl ($ Miìlion)

Level')

of Possible

Fund.ing

Allocation

BTI

Cost d)

Escalation

Coefficient

(%)

ADI'r"1

Irrigation

Area

Developed

(hectares)

(JPtlmal J /

Reúurn

in Term of

NPVB

vk,l,4

TotaJe)

cost

Required

($ Miuion)

1080.0

936.0

792.O

648.0

504.0

433.74

486.01

515.90

536.02

480.80

l=7
/- r

¿-1
/=1
I -1

k=7
¿, -.)

772,2OO

172,200

172,200

112,200

93,000

õôt.t r

505.04

469.18

445.O4

395.21

4

10

13

1080.0

936.0

792.O

648.0

504.0

4

0

7

10

486.0L

515.90

536.02

480.80

l-t

t-,

I-2 ¡;=5

rl2,2oo

172,2OO

112,2OO

Lrz,2OO

93,000

505.04

567.77

469.18

445.O4

395.21

4

0

7

10

594.41

486.01

433.74

506.48

483.54

l=3
l-a

I=J

Ä=1
l.-t

l, 
- 

t

L-¿.

1080.0

936.0

792.0

648.0

504.0

1t2,200

1L2,2OO

1 12,200

L12,200

100,000

374.96

505.04

567.77

480.48

438.95

13

10

7

0

4

594.4L

559.55

515.90

476.O4

l-1

t-,7

l=4
l-a

,L=1
L-.ì

l;=4

1080.0

936.0

792.O

648.0

504.0

374.96

416.80

469.18

òb1./ /

517.01

1L 2,200

172,20O

172,2OO

rr2,200

112.200

13

10

7

4

0

594.47

5s9.55

ò r 5.9U

476.O4

l=5

l=5

À=1

L-t

l--À

Æ=õ

1080.0

936.0

792.O

648.0

504.0

374.96

416.80

469.18

517.01

õôt.l (

L72,200

t12,2OO

172,200

LL2,200

t12.200

Note:

") Forl=1,...,N¡,,i,^iN¡,,;,*=5, t=4,i=7,,..,J+ =31;and m'=7,...,Nppr, =5
Where: N¡,,;,* = nurnber of levels of actual funding received at the state Ll'-
6) ForÀ=1,...,NDr,¡,*ilVÐr,;,^=5, t- 4,i = 1,..., Jq=3r,andrn=1,...'Np¡,, -5
Where: 1VDr,r,-= uunber of levels of the possible fu¡d.ing decisio¡rs plan¡ed at the state Ii'-

') Level of Possible Fr:rrding Allocation (B"f ) in tnonetary tenns ($ Million)

d) Cost Escalatiou Coefficient = 0, or rvithout cost escal.ation, when ,{' = I

") Irrigation Area Developed associated rvith {d}h level of possible funding (hectares)

J) Optiural Econotúc Return in terms of NPVB for each level of possible funding ($ MiIIion)

s) Total cost required associated with each ietel of,{Df'¿
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Table 4.39: Input Data for All Cases of the SDP Resulting from the FCCIGP At Mean

Confidence Lirnit of the NPVB Criterion for Stage t : 5 of the SDP
Index") I-udexb)

of Leveì of Level

of Actual of Possible

Fu-nding Funding

Received D!
F¿ ($ Million)

Level')

of Possible

Fu-nding

Allocation

BT!

Cost d)

Escalation

Coefficient

(%)

AD!,Iò

Inigation

Area

Developed

(hectares)

Optimal l)

Return

in Term of

NPVB

VI,,T

Totaie)

cost

Required

($ Million)

/=1
l=1
I=1
I=1

k=I
L_,

L-A

¡;=5

1185.0

to27.o

869.0

711 .0

553.0

0

4

7

10

13

1737.78

1026.80

862.67

708.74

552.94

252,403

216,168

77s,444

739,457

99,749

837.68

718.54

626.76

s61.64

484.2!

l-')

I-t

,-')

t=J

/=3

Ä=1

È=3

I"=4
l--É

,t=1
l.-u

À,=3

1185.0

7027.O

869.0

777.O

553.0

1185.0

7027.O

869.0

711.0

553.0

4

0

10

13

lð

4

0

7

10

1I75.41

1019.32

862.67

708.74

552.94

7784.47

1026.80

854.83

710.53

551.81

242,554

230,473

775,444

139,457

99,749

210,838

205,168

1 QA AQA

150,068

1 07,503

724.29

626.76

561.64

484.27

498.04

774.54

784.21

619.08

535.29

l=4

I=4

l=4
l=4

A=1

Æ=J

1185.0

to27.o

869.0

711 .0

553.0

13

10

7

0

4

7784.47

1025.76

854.83

699.63

210,838

191,738

775,444

164,344

118,829

498.04

567.31

olb. / b

753.44

627.87

¿=5

¿=,5

lc=7
¿,-.)

À=4

1185.0

1027.O

869.0

71 1.0

553.0

13

10

7

0

r784.47

ro25.76

8s4.83

710.78

210,838

191,738

r75,444

158,374

129,116

498.04

567.31

bzb. / r)

672.44

685.32

Note:

o) Fo¡/=1,...,N¡r,¡,-iffrr,r,-=5, f =5, i=1,...,.,/5 -31; andrn=1,...,lVp¡,, -5
Where: N¡,,;,*= number of levels of actual fu¡ding received at tire state l,!'m
ò)For,t=1,...,N¡,,¡,-iNÐr,i,^=5,t=5,i=1,...,Js=31,andm=l,...,Np¡',,,=5

Wrere: Nr,,,,*= number of levels of the possible fund-ing decisions plan¡ed at ihe state .Ll'ñ

") Level of Possible Fulding Allocation (B"f ) in monetary terms ($ Miìlion)
d) Cost Escalation Coefficient = 0, or wit,hout cost escaiation, rvhen ,t = /

") hrigatiou Area Developed associated wiih fJh level of possible furding (hectares)

J) Optir¡tal Econornic Return in ternrs of NPVB for each level of possible fund.ing ($ ùlilì-ion)
g) Tot^i cost required associated rvitir each level of áDf '¡

341



Table 4.40: Input Data for All Cases of the SDP Resulting from the FCCIGP At Lower

Conficlence Lirnit of the NPVB Criterion for Stage ú : 5 of the SDP

Lrdex") hrdexå)

of Level of Level

of Actual of Possible

Funding Funding

Received Dt

F¿ ($ MilJ.ion)

Level')

of Possibìe

Fr.rlding

Ailocation
DîkDts

Cos¿ d)

Escalation

Coefficient

(%)

An!'t"¡
Irrigation

Area

Developed

(hectares)

Optimai l)

Retr.rnr

in Term of

NPVB

vk't

Totale)

cost

Required

($ Million)

¿=-t

l=1
l=1
I=1

À'= 1

l--t

Æ=5

1185.0

to27.o

869.0

771.O

553.0

0

4

7

10

13

7787.22

1026.80

868.37

707.76

s5 2.98

262,768

216,1 68

178,t73

139,781

100,838

r 513.35

1118.35

959.81

805.35

,-t

l-.1

l-.1

lc=l

I'-.)

1185.0

7027.O

869.0

711 .0

553.0

4

0

7

10

13

t184.76

1026.80

868.37

707.76

552.98

246,4s8

230,598

1781173

139,781

100,838

t352.s4

t412.57

1 118.35

959.81

805.35

t=ó

I-a

¡b=1

l--')

À=4

1185.0

ro27.o

869.0

711 .0

553.0

13

4

0

7

10

1784.76

1026.80

864.93

710.53

552.1 9

210,838

216,168

200,388

150,068

107,503

1046.90

1323.96

1037.81

870.84

I=4
l=4
l=4
l-t

¿.-.)

È=4

118s.0

7027.O

869.0

717.O

553.0

13

10

0

4

1184.66

1026.96

öoö.ó /

707.57

552.16

210,838

197,493

178,L73

166,698

122,207

1046.90

1099.90

1118.35

1212.19

990.1 5

¡=5

¿=5

l.-1

Æ=ó

k=4

1185.0

\o27.O

869.0

71 1.0

553.0

13

10

4

0

1184.66

1026.96

868.37

7r0.78

JJZ.õJ

210,838

r97,493

178,173

158,374

t34,778

1046.90

1099.90

1118.35

1 106.53

1084.0

Note:

") For / = 1,...,1/¡,,;,-i N¡r,;,-=5, f = 5, i= 1r...rJs = 31; andrn= 1,...,Np¡r,, - 5

Where: N¡,,,,*= nurnber of levels of actual fund-ing received at tlre state ¿l'ñ
b)For,L=1,...,NDr,;,,,;ND,,,,-=5,t=5,i=1,...,Js=31,¿ndm=1,...,NpFt,;=5

lVlrere: NDr,,,^= nu:nber of levels of the possible fu¡ding decisions plarured at the state .Lj'm

') Level of Possible Furding Allocation (B"f ) in nonetary tenrrs ($ MilJ-ion)

d) Cost Escalation Coefficient = 0, or rv.ithout cost escalation, when À = I

") Irrigation Area Developed associated with {q$r level of possible fr-:¡ding (hectares)

l) Optir.r.I Economic Retu¡n in tenns of NPVB fo¡ each level of possible fu¡ding ($ Mil-lion)

s) Total cost requirecl associated rvith each ìevel of ÁDf'¿
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Table 4.41: Input Data for A1l Cases of the SDP Resulting from the FCCiGP At Upper

confidence Liinit of the NPVB Criterion for stage I : 5 of the sDP

I-rrdex")

of Level

of Actual

Fu-nding

Received

F!

f:rdexå)

of Level

of Possible

Ftrnding

DT

($ Miìlion)

Level")

of Possible

Fr:¡ding

Allocation

BT!

Cost d)

Escalation

Coefficieni

(%)

An!'t'7

Irrigation

Area

Developed

(hectares)

Optimal l)

Return

in Term of

NPVB

Vlt,l

Totalg)

cost

Required

(S Mil-lion)

l=l

l=1

t--,1

l^-2

¡c=5

1185.0

to27.o

869.0

711.0

553.0

0

4

7

10

378.64

404.76

406.61

450.35

78,588

78,588

78,588

78,588

/ ö,oÒ0

296.50

2s2.85

221.s\

279.29

166.80

l-t

,-.)
l-.)

l-t

É=1
l.-.)

k=4
t.-<

1185.0

to27.o

869.0

711 .0

553.0

4

0

7

10

13

.J / ö,b4

342.77

404.76

406.61

450.35

78,588

78,588

78,588

78,588

78,588

'252.48

296.50

22L.57

279.29

166.80

I 
-t

l=J

Æ=1

l. -.)

1185.0

1027.O

869.0

711.0

553.0

13

4

0

7

10

454.53

378.64

342.27

404.76

426.77

78,588

78,588

78,588

78,588

78,s88

161.78

252.85

296.50

195.10

k=1
¡.-.)

Ic=4
t.- <

r-185.0

ro27.o

869.0

771.0

553.0

10

7

0

4

4Õ4.DJ

406.61

404.76

,5( t.¿õ

l=4

l=4
l-À

l-t

l=4

78,588

78,588

78,588

78,588

78,588

161.78

279.29

221.51

296.50

¿=.5

¿=5

¿=5

Ë=1

¡.-2

Æ=c

1185.0

1027.O

869.0

77L.O

5 5J.U

4

0

78,588

78,568

78,588

78,588

78,588

161.78

t10 to

221.51

252.85

296.50

454.53

406.61

404.76

378.64

13

10

Note:

") For / = 1,...,N¡'r,i,-i lV¡,,;,-=5, t = 5,i = 1'...,Js = 31; and rn - 1,"',Np¡r,, - 5

Where: Nrr, ;, - = number of levels of actual fir¡ding received at the state lj'*
b) For,b = 1,...,ND,,¡,-i NÐr,,,-=5, t- 5,¿ = 1r...rJs - 31,ar¿dm=l,"',NpF,,i = 5

Where: /VD,,,,*= nurnber of levels of the possible fund.ing decisions planned at the state -Lj'æ

") Level of Possible Funding Allocation (,B4) in monetary terms ($ Ivfillion)

d) Cosù Escalalion Cioefficient = 0, or rvithout cost escalation, when,b = I

") IrriBatiou Area Deveioped associaled rvith {$h levei of possible funding (hectares)

l) Optimal Economic Retu¡n in temrs of NPVB for each leveì of possible frurding (S Million)

g) Total cost requirecl associated with each level of áDj'¿
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Table 4.42: Relative Frequency of Optimal Funding Decision for Each Stage and.Each

Case rvith Their Associalecl Goai Attainment for Upper Cionfidence Limit on NPVB ancl

lviernbership Cìrade of CoiÌficleDce Liûrii on NPVB Àrtro.,: 0'083

PAR.AI'IETERS

GOAL ATTAINùTEHT

OPIIHAL OECIS¡ON

For LoHeF Confidence Level (5lá exceeded)
REHARKS

DlDiD?nlul

SCHEDULITG HORIZO¡I
t=1

Irrigation Area (ha) 415ó29
N.P.v.0f Benefit

(s 1o^ó) 2379.5
llunbe¡ of sefected
projects 11

Totat budget used
(s 10^ó) 923.87

*)

*) ¡{on optiml decision

RELATIVE FREOUENCY OF OPTITIAL
0Ectsl0N (Í)

sccûÁ¡io l: -ol n2t ol lr{
100000

sccr¿rio 2: o| ol a! ol
10o000

scc'¡rio 3: a{ ol o{ ol
100000

ñ5v1
0

-5v1
0

r!
0

o)

SCHEDULITIG HORIZONt-t
Irrigation Area (ha)
N.P.V.0f Benefít

(s 10^ó)
Numb€r of se(ected
pro j ects
Total budget used

(s 10^ó)

225259 196833 1661,33

1199.56 1113.15 133t,.76

¿> ¿4 ¿U

795.05 795.76 579.03

112033 107655

1251.77 1101.89

179

177.91 368,82

RELATIVE FR€OUE}¡CY OF

oEcIstoN (Z)
Sccnrcio 1: Ð| O|

0 1.20
SccÀsrio 2: O\ Ol

100 0

scc¡¡rio 3: o) Ol
oo

OPI IIIAL

p1 nl
10.80 34.00ol øl

00
ñ3 -4u2 "213 20.4

n5

sr.õo
nI

0

nl
6 6.20

SCHEDULI¡{G IIORIZON+-Qþ-¿
Ircigation Area (ha) 2821ó8
t¡.P.V.0f Benefit

(s 10^ó) 1597.36
tlr¡nber of setected
projects 28
Totai budget used

(s 10^ó) 1049.ó

2.48618 217018 173?18

1515 -28 1122Jr, 1?87.85

26 20 1ó

909.35 769.25 ó28.8

RELAT¡VE FREOUENCY OF OPTIHAL
DECTSf0H (z)

138190 ,..o..¡o,. ¡r ol -o!
o o-a 72-90

786.73 scc¡¿rio 2: oj ol o!
10000

12 sccd¿.io 3: ol o?" l!
. o o Eo-30

189.?

n! o!
83.30 3,OO

o! o!
0o
-{ n5u3

12.10 7.60

SCHEDULING HORIZON+- Àþ-+
¡rrigation Area (ha) 2ó4785 238138
l¡.P.V.0f Benefit

(s 1o^ó) 2030.8 1901.96
Humber of sêtected
projects 26 20
TotaI budget used

(s 10^ó) 1078.85 935.75

RELATIVÉ FREOUEI,ICY OF OPTIHAT

DECISI0I¡ (z)
132070 sço¡";o 1' ¡r ol o| ol

0 0 22.60 fs.20
1401.7 sccattio zz ol ol o3, ol

100000
11 sccÂ¡rio 3: ol ol of nl

0 0 E3.0 10-90

503 -8ó

189035 158890

1775.7 1619.38

17 16

791.2 617.97

o!
2.20
osr
0

ñ5p1
6.to

SCHEDULII¡G HORIZOI¡+_ <ø_u
Irrigation Area (ha) 2ó¿1ó8
l¡.P.v.0f Benefit

(s 10^ó) 1513.35
N|jlùer of setected
projects 21
Total budget used

(s 10^ó) 1181.22

230598 200388 166698 13t718

1112.57 13¿3.96 1212.19 1084

25 18 18 15

1026.72 861.93 707.51 552.83

RELATIVE FREOUENCY OF OPTIHAL
OECISION

scêÃ¡rio 1: o! o! of
o 0 29.90

Sccr¿cio 2: O! o! ø!
toooo

scc!úio 3: ol o! o!
o o 97-L0

^{ n5

67.30 2.EO

ø! o!
0o
o! o!
0 2-60

SCENARIo 1: LIMITED EUDEGI
'ScEl¡ARI0 ¿ = Not{-LIHITED 8UDGET

SCENAR¡o 3 = UNoETERHINED EUDGET
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Table 4.43: Relative Frequency of Optimal Fuucling Decision for Each Stage ancl Each

Case with Their Associated Cloal Attaiument for Lower Cionficlence Limit on NPVB ancl

lvlernbership Gracle of Conficlence Lirnit on NPVB ÀLo-",: 0.085

PARAI'IElERS

GOAL ATTÁfNHENÍ

OPIIHAL OECISION
For Upper Confidence Levet (957 exceeded)

REI'I,ARKS

D5Dln3utD?D!

SCIIÉDULIHG HORTZON

t=1
lrrigation Area (ha) 404476
N.P.V.0f Benefit

(s 10^6) 796.6
Nunbec of seIected
projects 13
TotaI hJdget used

(s 10^ó) 920.25

*) *) *) *)

*) Non optinnt decision

RELATIVE FREOUENCY OF OPTIHAL
oEctstoN (z)

Sccu¿rio l: ol ol ol
01000

Sccn¡rio 2: Ðl ol of
10000

Scc¡¡rio 3: n! ol of
01000

Ð1 øf
00o! of
00of ol
00

SCHEOULING HORIZON+-Ð
Irrisation Area (ha) 157433 1571'33
N.P.V.0f Eenefit

(s 10^ó) 3ó9.59 3ó9.59
Ntrnb€r of setected
projects 20 20
TotaI Lrudget used

(s 10^ó) 519-9 5t9.9

RELATIVE FREOUENCY OF OPTIIIAL
DEC¡SIoN (U)

107655 scctr¿rio l: Dà o2, ol
0 0 t{.50

366.21 scerÀriô 2: o! ø| o)
10000

9 sccuerio .r: Dj o| ol
0 0 2.30

368.82

157133 139535

369 -.59 376.24

z0 17

549.9 477

Ð, øl
5a.00 27.sO

00

o 97-70

SCHEDULING HORIZON
+-tþ_¿

Irrigation Areâ (ha) 953ó2
H.P.V. of Benefit

(s l0^ó) 379.01
Nr¡ber of setected
projects 10

Totat bt¡dget used
(s 10^ó) 315.17

95362 95362

379.01 379.01

10 '10

l4). l¡/ J4), l1

95362 95362

379.01 379.01

10 10

315.17 315.17

RELATIVE FREOUENCY OF OPTII'IAL
0Éctsr0H (u)

sccu¡rio r: orl o! o! o!
0 0 9-90 81.00

sccn¡rio 2: o! o! o! o!
100000

sccÂÃrio 3: oj o! o! o!
o003.00

^5
6.10
^5D3
o
n5u3

9 7.0

SCHEOULII¡G HORIZON
1- IL-+

lrrigation Area (ha) 112200 112200
H.P.V. of Benefit

(s 10^ó) 567.77 567.77
Nunber of setected
projects 1¿ 12
TotaI hrdget used

(s 10^ó) 433.74 433.74

112200 112?00

567.V 567.77

12 1?

433.7, 133.71

112ZOO

567.n

12

633.71

RELAIIVE FREOUENCY OF OPTII'IAL
DECISION (Z)

sccÃrrio 1: ol ol ol ol
o o 21,50 70-70

sccrÂrio 2: oi ol nl o!
¡00000

Scc¡¡¡io 3: ol øl o! ol
0003.20

o!
1-AO
ñ5

0

^5u1
96.8 0

SCTIEDUL¡NG IiORIZO¡I
þ-¿

Irrigatíon Area (hâ) 78588
H.P,V.0f Benefit

(s 10^ó) 29ó.5
HtnÈer of setected
projects 9
Totat h¡get used

(s 10^ó) 342.27

RELAÍIVÉ FREOUENCY OF OPTIHAL

78588 78588

?96.5 296.5

99

342-ZZ 3t ?.27

oEc¡ sIoN
ø! n! o!
0 0 2{.10
oj o! o!
10000ol o! o$
000

-4 ^5e5
0 75.90
oj o!
0oo! o!

3.20 96.80

78588 78588 scc'¡.iô 1:

296.5 296.5 sccu¿lio 2:

I I Scc¡¿rio 3:

34Z.ZT 3t Z.Z7

SCEIIARI0 1 : LIHITEo 8U0GET
'sCEllARfO 2 = NoN-Llt'flTED EUDEGI

SCEHARIO 3 = UNOETERI'IlNED BUDGEf
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Table A.52: (.lompalison of

NT < i0 Years at Stage I -
to Di for Lower Conficlence

on NPVB À¿o-"':0.085

Project Porifolio Selectecl by the FCCIGP For IVT ( ir anc-l

I Uncler the Various Levels of Possible Funding Decision D]

Lirnit on NPVB with Membership Grade of Conficlence lirnit

YEAR IN IJHICH CONSTRUCTION STARTED
Proposed Project

P Foj ect
Number & Name of nl nl

NTs5 NTS10 NTS5

of o!
NT15 NTf10

oi n! ol
xrsi NTslo NT55

DECISION

Area
(ha) nI

"l
NT<1 O

"7
NTsl 0

1 Krueng Baro 16772

2 Pasaman 4962

3 Batang Kumu 13800
4 Limun sungkat 2500

5 TeLuk Lada 18923
ó Jatigede 130158
7 Jratunsetuna 71557
B Dumpi t. 25415

9 Madura 2580
10 East Java Rehab 42912

11 Sanggau Ledo 555

12 llawotobi ?1200
13 Dataran Kobi 1950

14 KaL imantong 2850

15 North Sumatra 11000
1ó llay Pedada 13550

17 Riam Kanan 12000

18 Boya 10000

óth
óth
4rh
5th
3th
1st
1st
3rd
7th
4th
9th
3rd
?nd
óth
1st
5th
3rd
1st

1st óth lst
1st 0 Znd
1st 3rd 1st
0 4th 1st

1st 3rd 1st
000

1st 1st 1st
1st 3rd 1st
4th 9th 4th
1st óth 1st
4th 7th 3rd
5th 3rd 1st
0 4th 4th
0óth0

1st 1st 0

1st 0 0

000
o00

1st
?nd
1st
4th

0
1st
1st
lst
4rh
1st
4rh
1st

0

3rd
1st
1st

0
0

óth 1st
7th 0

4th 1st
5th 4th
3rd 0

1st 1st
1st 1st
3rd 1st
2nd 4th
óth 1st
9th 3rd
3rd 1st
4th 0

6th 0

00
5th 1st
3rd 0

5th 0

óth 1st 5th
5th 1 st 7th
4th 1 st 4th
srh 4th 5th
0 1st 3rd

1st 1st 0

1st 1st 1st
3rd 1st 3rd
9th 4th 9th
6th 0 3rd
gth /rth 7th
3rd 1st 3rd
0 0 5th

óth 3rd óth
001st
0 1st 5th
0 0 1st
0 1st 3rd

ANNUAL BUDGET ALLOCATION

First Year (81)
Second Yea¡ (82)
Third Year (83)
Fourth Year (B/r)
Fifth Year (85)
sixth Year (Bó)
Seventh Year' (87)
Eishth Year (BB)
Nineth Year (89)
Tenth Year (810)

62.71 117.33
66.79 283.11

103.43 186-?3
137.57 180.25
148.42 126.07
123.46
112.30
95.13
43.04
5l - t¿

47 -65 131.39
47.53 250.73
82.93 159.75
90.83 154.66
80.1 110.34

111 .38
123.79
98.44
71.71
51.61

17.78 109.26
45.18 210.11
72.11 110.01
76.14 136.14
59.11 94.39
90.92

110.94
82.11
61.37
46.44

20.97 92.56
21.74 178.61
77.7 115.09

115 -44 110.54
95 .96 80.ó1
97.92
69.35
37.31
¿6-4ö
15.15

16.53 74.31
15.77 111.78
34.69 90.73
46.64 89-41
10.29 65.71
68.42
85.37
6¿.)

51.06
5t.tJ

TotaI Eudset ($10^ó) 923.78 922.99 BO9 807.34 692.87 690.22 551 5n.41 462 161.94

PARAMETERS GOAL ACHIEVEMENTS

Irrigation Area (ha)
N.p.V. of Benefit (S10^ó)
Transmi gration SuPPort
(number of famities)
Number Projects Setected
Total. Budget used ($10^ó)

435684392841394684144129338261337822105656376356365144326256
2217.8 1957-1 2089.7 1784-g 1863.6 1562-6 1656'6 1497 1514'1, 13-14'1

20500 11500 20500 11500 1óOOO 14000 1ó000 11500 1ó000 11500

18 14 17 11 12 11 17 12

e's.;B 922.99 809 807.34 693 690-22 578 5n '4
13 12

462 161 .9/+

354


