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ABSTRACT 

In India water resources studies have been carried out independently 

basinwise mainly for purposes of qualitative analysis, assessment of utilizabl 

potential of water resources and further feasibility of development, and for 

deciding upon flood control measures. The development of water resources 

depends on and affects economic development in a region. It is thus necessary 

to review the nature and dimension of economic development together with water 

resources development. 

We recognize that the water resources system affects the way in which 

the socio-economic activity system grows and changes, while the changes in 

socio-economic system in turn call forth changes in the Water resources system 

This two way interdependence is fundamental to the systems viewpoint in this 

research, where water resources system has been regarded as a subsystem (sectc 

of the comprehensive activity system. 

No integrated comprehensive socio-technical systems study of regional 

water resources development seems to have been attempted thus far particularly 

in view of the inadequate information data-base for the purpose. For imple-

mentation of a national/regional water-energy-economic system model we require 

among other data, estimates of utilizable potential of water resources,populat 

growth, economic activity levels and related intensities of water use rates in 

various sectors and regions of the country. 

There has long been a need for developing a general theoretical frame 

work for socio-technical systems research which imbeds dynamical, structural, 

and spatial aspects in system models, and emphasizes descriptive behavioural 

modelling with predictive powers. The regional economy is identified here as 

a collection of interconnected components and the approach taken is that of a 
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system theory construct. Each economic component is modelled in terms of two 

fundamental complementary variables, a through variable Y - the flow of 

"commodities" valued in constant monetary terms, and an across variable X - 

the unit cost/price index. 

Certain basic concepts and postulates of the linear graph theoretic 

physical systems construct, when suitably generalized, do encompass a variety 

of socio-economic systems. In the present research an effort is made for 

their appropriate further generalization and extension to dynamic modelling 

of water resources system at both mini and macro levels of application. For 

instance, on one hand, the Graph-Theoretic Field Modelling has been suitably 

adapted and _applied with special emphasis on multi-terminal representations to 

a micro level bench mark problem with known solution for relevant comparision 

with other well established methods such as the Finite Element Method. On 

the other hand, the physical system theory has been applied at the macro-level 

to a large and complex regional water-energy-economic system for dynamic model 

and analysis of regional development in the context of the Punjab region of 

India. 

The most common form of dynamic models encountered in the modern systei 

and control theory is the state-space form. Because of its mathematical and 

computational tractability, it forms the basis for analysis, simulation, 

synthesis, control and optimization concepts and procedures. The extensive 

literature available in these areas, developed by mathematicians and engineers 

can be applied directly to socio-economic systems when they are modelled in th 

form. 

The socio-economic system is considered here as a multi-dimensional 

system having temporal, sectoral and regional dimensions. Although monetary 

value is a prevalent measure of economic value, it is an inadequate metric 
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for evaluating social-cost benefits. Therefore, it needs a coordinated 

analysis of the trade-off between the mass-energy and the economic (mass-

monetary cost) characteristics of the human life support system particularly 

at the regional level as attempted in the context of Punjab in this thesis. 

The aggregated water-energy-economic system is viewed as consisting 

of several interdependent subsystems (sectors). Each sector is treated as a 

material energy transformation process and its "free-body" model is developed 

considering it in isolation. A system model which represents in an aggregate 

sense, both component terminal characteristics (free-body models) and their 

interconnections or systemic structure, is formulated by combining component 

terminal equations with interconnection constraint equations in a regularized 

manner amenable to computer automation. 

The regional water-energy-economic system model so developed has been 

demonstrated to be viable for real world application through validation of 

the results generated by the identified model in the context of the water-

energy-economic system of Punjab. Scenario constructions based on the dynamic 

macro-model provide an opportunity for using simulation results for analysis 

and policy studies of future choices. 



TABLE OF CONTENTS 

Page No.  

CERTIFICATE 

ACKNOWLEDGEMENTS  ii 

TABLE OF CONTENTS  iii 

LIST OF TABLES  viii 

LIST OF FIGURES  xi 

ABSTRACT  xiii 

CHAPTER 1  INTRODUCTION 
 

1 

1.1  Philosophy 
 

1 

1.2  Background in Water Resources Studies 
 

4 

 

1.2.1  Ground water 
 

6 

 

1.2.2  Surface water 
 

10 

1.3  Water Resources: A Systems View Point 
 

13 

1.4  Physical System Theory Modelling Frame Work 15 

 

1.4.1  General Concepts  15 

 

1.4.2  Graph-Theoretic System Modelling  18 
(Physical System Theory) 

1.5  Scope of the Thesis  21 

CHAPTER 2  GRAPH-THEORETIC FIELD MODELLING APPLICATIONS 
FOR DYNAMIC GROUND WATER PROBLEMS  27 

2.1  Introduction  27 

2.2  Formation of Graph-Theoretic Field Model  29 

 

2.2.1  Spatial Discretization and the Field Graph  31 

 

2.2.2  Terminal Representations  33 

 

2.2.3  Compatibility and Balance Equations  36 

2.3  Graph-Theoretic Formulations  57 

2.4  Multi-Terminal Representations (MTR's)  41 

iii 



iv 

 

2.4.1  Terminal Equations of Elements  42 

 

2.4.2  Exact MTR of an Element  42 

 

2.4.3  Approximate MTR of an Element  43 

 

2.5  GTFM and MTR's for Dynamic Modelling Problems  44 

 

2.5.1  Dynamic Graph-Theoretic Field Model  45 

 

2.5.2  Exact Multi-Terminal Representation for the  46 
Dynamic Case 

 

2.5.3  Approximate Multi-Terminal Representations  52 
for the Dynamic Case 

2.6  Illustrative Example  54 

 

2.6.1  Dynamic Graph-Theoretic Field Model  54 

 

2.6.2  Application of Multi-Terminal Representation  58 

 

2.7  Remarks and Conclusions  61 

 

2.7.1  Remarks  61 

 

2.7.2  Conclusions  64 

 

CHAPTER 3  DYNAMIC GROUND WATER MODEL FOR PUNJAB  66 

 

3.1  Introduction  66 

 

3.2  Mathematical Formulation of the Problem  68 

 

3.2.1  Deterministic Model  69 

 

3.2.2  Stochastic Model  71 

 

3.3  Dynamic Modelling Technique  73 

 

3.3.1  Order Determination  75 

 

3.3.2  Estimation of N and K  78 

 

3.3.3  Forecasting Algorithm.  • 79 

 

3.4  Application to Case Studies  79 

 

3.4.1  Description of the Data  80 

 

3.4.2  Results of Deterministic Modelling  84 



3.4.3 The Stochastic-Model 87 

3.5 Results and Discussions 91 

3.6 Evaluation of the Potential of Utilizable 124 
Ground Water 

CHAPTER 4 INFLOW MODELLING VIA DETERMINISTIC COMPONENT 128 
EVALUATION AND STOCHASTIC STATE SPACE APPROACH 

4.1 Introduction 128 

4.2 Description of the Model 150 

4.3 Estimation of Deterministic Model 132 

4.3.1 The Method of Harmonic Analysis 132 

4.3.2 Rissanen's Algorithm 141 

4.4 Minimal Order Stochastic State Space Model 156 

4.5 Discussion of Results 158 

4.6 Determination of Surface Water Utilizable 167 
Potential 

CHATPER 5 MODELLING THE REGIONAL ECONOMIC ACTIVITY 172 
SYSTEM 

5.1 Background 172 

5.2 Theoretical Framework 177 

5.3 Primitive Regional Activity System Components 179 

5.4 System Graph and Structural Relationships 183 

5.5 Discrete-Time State-Space Model 187 

5.5.1 Flow-Rate Model Formulation 187 

5.5.2 Unit-Cost Model Formulation 188 

CHAPTER 6 EMPIRICAL IMPLEMENTATION OF REGIONAL WATER- 191 
ENERGY-ECONOMIC MODEL 

6.1 Input-Output Analysis 192 

6.2 Choice of Functional Sectors, Base Year, 
Unit Period and Price System 

192 

V 



vi 

6.3  Estimates of Exogenous Final Demand Vector  196 
and Sectoral Gross Outputs 

6.3.1 Compilation of Final Demand and Gross Output  196 
for Agriculture, Industry and Energy Sectors 

6.3.2 Final Demand and Gross Output for the  201 
Water Sectors 

6.4  Estimation of Current Inter-Industry Input  205 
Coefficient Matrix A 

6.4.1 Input-Output Coefficients for Sectors I,, II,  205 
V,VI and VII 

6.4.2 Input-Output Coefficients for Sectors III & IV  208 

6.5  Development of Output-Difference Based  209 
Capital coefficient Matrix B 

6.6  Regional price Model  216 

6.6.1 Construction of Price-Indices X(t)  217 

6.6.2 Estimation of Depreciation-Rate D  218 

6.6.3 Estimation of Monetary Interest Rate (t-1)  221 

6.6.4 Estimation of Non-Linear Processing Cost  223 

6.7  Energy Scenario Building  223 

6.7.1 Methodology  226 

6.7.2 Results  227 

6.8  Discussion of Results  227 

6.8.1 Method of Solution  227 

6.8.2 Results of Model Runs  232 

CHAPTER 7 RESULTS AND CONCLUSION  248 

 

7.1  Research Perspective  248 

 

7.2  Research Contribution  249 

 

7.3  Further Avenues of Research  258 



vii 

REFERENCES  260 

APPENDIX I  267 

APPENDIX II  273 

APPENDIX III  277 

APPENDIX IV  281 

LIST OF PUBLICATIONS  284 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

