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Preface

I seek a unity all-pervading.

Confucius

This book develops a general economic theory, not only integrating various ideas
and theories from Adam Smith till Nobel Prize laureates in economics, but also
establishing important relations among economic variables unrecognized in the
literature of rigorous economic analysis.

I first met with modern economics about 37 years ago. I started to read economics
in 1984 when I was sent by China’s government to Japan in 1983 as a graduate
student in civil engineering at Kyoto University. The library on campus was a dream
world for the poor student. There were so many books and academic journals on
different subjects freely and easily available. Best of all is that classical works and
collected works of some great modern economists like Samuelson and Arrow were
always on the shelves for me to pick up, read through, and digest. Samuelson
accounted his choice of economics at exactly the right time: “To a person of ana-
lytical ability, perceptive enough to realise that mathematical equipment was a
powerful sword in economics, the world of economics was his or her oyster in 1935.
The terrain was strewn with beautiful theorems begging to be picked up and
arranged in unified order.” I feel luck to randomly study masters’ original works in
economics even without any idea to become an economist in Japan. It was an
optimal choice for me to have spent the leisure time on economics as reading was the
most economical and pleasant consumption among all the affordable activities.

Samuelson arranged the works of classical economists in a unified order with the
principles of optimization and comparative statics analysis. Although he did not
create a unified economic theory, he first applied many physical theories and
concepts to modernize economics with the mathematical kit. When I came to know
economics, Samuelson’s works had already become classical and each piece of his
important works had been mathematically refined and further developed. By the
early 1990s after having read Samuelson’s and his generation’s works in formal
economic theories, I began to ask whether it is possible to build a set of equations
which unify the basic economic mechanisms of the existing economic theories
within a single theoretical framework. In the Foreword to the Japanese translation
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of my 1991 book Synergetic Economics (Zhang 1994), I outlined my aspiration to
build a general economic theory in the following way:

Indeed, it is only after laborious work in many fields of theoretical economics that I began
to be conscious of the fact that it is time to build a logically compact theory which includes
the main economic ideas of Smith, Malthus, von Thunen, Ricardo, Marx, Mills, Walras,
Marshall, Schumpeter, and Keynes. It should also include, as special cases, the
well-established mathematical models, such as the Arrow-Debreu general equilibrium
model, the Tobin model, the Solow-Swan-Uzawa growth model, the Oniki-Uzawa trade
model, the Kaldo-Pasinetti two-class model, the Ricardian Models by Morishima,
Samuelson and Pasinetti, the Keynesian theory, and Alonso location model, to explain
certain economic phenomena which cannot be explained by the traditional works. I have
concentrated on this single task, since … the spring of 1989.

My Synergetic Economics published in 1991, completed in 1989, was perhaps the
first comprehensive book on applying modern nonlinear theory and ideas from
natural sciences to economics. It is a further development of Samuelson’s
Foundation. This book reports some of my progresses in the mission to build a
general economic theory. In this book, by theories by Nobel Prize laureates in
economics I refer to formal models proposed by some Nobel laureates in eco-
nomics. The Nobel Prize is referred to The Sveriges Riksbank Prize in Economic
Sciences in Memory of Alfred Nobel.

Over years I received many insightful and constructive comments on my works
submitted to academic journals. I am thankful to the comments of many anonymous
referees and the journal editors. I am very grateful to Editor Dr. Johannes Glaeser
and Editorial Assistant Judith Kripp for effective cooperation. I would like to thank
the anonymous referee for the valuable comments and suggestions. I thank for my
wife, Gao Xiao, who brings me happiness and is always supportive for my research.
I completed this book at the Ritsumeikan Asia Pacific University. I am thankful for
and impressed by the timely and professional performances of the research office.
The campus, facing the clean ocean illuminated by sun lights through unstable
clouds, standing by the fogged-up valley, and relying on the beautiful mountains
decorated by colors of leaves and flowers, tranquilizes me with songs of birds in the
four seasons. I am grateful to the campus life sustained collectively by the col-
leagues, students, and staffs from over 100 countries.

Beppu, Japan
Summer 2020

Wei-Bin Zhang

Reference

Zhang WB (1994) The foreword to the Japanese version of Synergetic Economics, translated by
Asada T, Aruka Y, Inaba T, Hirosi W. The Chuo University Press, Tyoko

vi Preface



Contents

1 The Time for a Grand Economic Theory . . . . . . . . . . . . . . . . . . . . 1
1.1 The Synergetic Economics Generalizes the Foundations

of Economic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Speed and Time Scale in Synergetic Economics . . . . . . . . . . . . 5

1.2.1 Adam Smith (1723–1790) . . . . . . . . . . . . . . . . . . . . . . 7
1.2.2 Ricardo (1772–1823) . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.3 Malthus (1766–1834) . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.4 Marx (1818–1883) . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.5 The Walrasian General Equilibrium Theory . . . . . . . . . 9

1.3 The Time to Integrate Economic Theories . . . . . . . . . . . . . . . . 10
1.4 The Structure of the Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2 The Basic Model for the Integration . . . . . . . . . . . . . . . . . . . . . . . . 19
2.1 The Basic Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.1.1 The Production Sector . . . . . . . . . . . . . . . . . . . . . . . . 20
2.1.2 The Household’s Current Income, Disposable

Income, and Budget . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.1.3 The Utility Function and Optimal Behavior . . . . . . . . . 22

2.2 The Basic Model with the Cobb–Douglas Functions . . . . . . . . . 24
2.3 The Theoretical Foundation of the Utility Function . . . . . . . . . . 26
2.4 The Basic Model Generates the Keynesian Consumption

Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
2.5 The Basic Model Generates the Solow Growth Model

with Taste Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.6 The Basic Model Generates the Ramsey–Cass–Koopmans

Model with Preference Change . . . . . . . . . . . . . . . . . . . . . . . . 32
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

vii



3 An Integration of Walrasian General Equilibrium, Ricardian
Distribution, and Neoclassical Growth Theories . . . . . . . . . . . . . . . 41
3.1 Integrating the Walrasian General Equilibrium, Ricardian

Distribution and Neoclassical Growth Theories . . . . . . . . . . . . . 43
3.1.1 The Production Functions and Marginal Conditions . . . 44
3.1.2 Household Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . 45
3.1.3 Demand and Supply of the Three Sectors and Full

Employment of Factors . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2 Dynamic Behavior of the Economy . . . . . . . . . . . . . . . . . . . . . 47
3.3 Changes in the Preferences and Human Capital Affect

the Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
3.3.1 Group 1 Augments the Propensity to Save . . . . . . . . . . 49
3.3.2 Group 1 Improves the Human Capital . . . . . . . . . . . . . 51
3.3.3 Group 3 Increases Propensity to Consume

Agricultural Good . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
3.3.4 Group 3’s Population Is Increased . . . . . . . . . . . . . . . . 52
3.3.5 Group 1’s Population Being Increased . . . . . . . . . . . . . 53

3.4 Business Cycles Due to Exogenous Shocks in the General
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
3.4.1 Group 1’s Propensity to Save Periodically

Oscillates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.4.2 Group 1’s Human Capital Periodically Oscillates . . . . . 55
3.4.3 Group 3’s Propensity to Consume Agricultural Good

Periodically Oscillates . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.4.4 Group 3’s Population Periodically Oscillates . . . . . . . . 56

3.5 On Income Gaps and Real Business Cycle Theory . . . . . . . . . . 56
Appendix: Dynamics with Multiple Capital and Consumer Goods . . . . 58
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4 Education, National Debts, and Development Traps . . . . . . . . . . . . 69
4.1 Growth with Education and Saving . . . . . . . . . . . . . . . . . . . . . 70

4.1.1 The Goods Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.1.2 The Household Behavior . . . . . . . . . . . . . . . . . . . . . . 71
4.1.3 The Education Sector . . . . . . . . . . . . . . . . . . . . . . . . . 71

4.2 The Dynamics and Multiple Equilibrium Points . . . . . . . . . . . . 72
4.3 Unstable Unlimited Growth Versus Poverty Traps . . . . . . . . . . 74
4.4 Changes in Policy and Preferences in Stable and Unstable

Economies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.4.1 The Education Policy . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.4.2 The Impact of the Propensity to Save . . . . . . . . . . . . . 78

4.5 Growth by Integrating the Diamond Debt and Uzawa–Lucas
Models with Education Subsidies . . . . . . . . . . . . . . . . . . . . . . . 78
4.5.1 The Labor Force and Factor Input Distribution . . . . . . 79
4.5.2 The Production Sector . . . . . . . . . . . . . . . . . . . . . . . . 79

viii Contents



4.5.3 The Education Sector . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.5.4 Accumulation of Human Capital . . . . . . . . . . . . . . . . . 80
4.5.5 The Disposable Income and Optimal Behavior . . . . . . . 81
4.5.6 The Government Expenditure and Tax Income . . . . . . . 82
4.5.7 The Dynamics of Government Debt . . . . . . . . . . . . . . 83
4.5.8 Demand and Supply in Education Market . . . . . . . . . . 83

4.6 Short-Run and Long-Run Debts Due to Exogenous Changes . . . 85
4.6.1 A Rise in the Government Subsidy Rate

on Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
4.6.2 A Rise in the Total Factor Productivity

of the Education Sector . . . . . . . . . . . . . . . . . . . . . . . 86
4.6.3 A Rise in the Total Factor Productivity

of the Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . 86
4.6.4 A Rise in the Propensity to Obtain Education . . . . . . . 87
4.6.5 A Rise in the Tax Rate on Consumption . . . . . . . . . . . 88
4.6.6 Stronger Increasing Returns to Scale in Learning

from Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
4.7 Some Comments on Poverty . . . . . . . . . . . . . . . . . . . . . . . . . . 88
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

5 Inequalities with Racial Human Capital Externalities . . . . . . . . . . . 93
5.1 Racial Human Capital Externalities and National Growth . . . . . 94

5.1.1 The Two Sectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
5.1.2 Consumer Behaviors and Wealth Dynamics . . . . . . . . . 95
5.1.3 Demand and Supply of the Two Sectors . . . . . . . . . . . 95
5.1.4 Human Capital with Racial Human Capital

Externalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
5.2 Changes in a Race’s Preference and Human Capital . . . . . . . . . 97

5.2.1 Race 1’s Human Capital Externality is Strengthened . . . 98
5.2.2 Race 1’s Population is Increased . . . . . . . . . . . . . . . . . 99
5.2.3 Race 1’s Propensity to Save is Increased . . . . . . . . . . . 99

5.3 On Inequality of Income and Wealth . . . . . . . . . . . . . . . . . . . . 100
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

6 Growth with Public Knowledge and Private Human Capital . . . . . 103
6.1 Public Knowledge, Individual Human Capital, and Private

Wealth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
6.1.1 The Total Labor Supply and Behavior of Production

Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
6.1.2 The Education Sector . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.1.3 Accumulation of Human Capital . . . . . . . . . . . . . . . . . 107
6.1.4 Knowledge Creation and Government’s Research

Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
6.1.5 Balance of Demand and Supply and Full Employment

of Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

Contents ix



6.2 Growth with Knowledge, Human Capital, and Wealth . . . . . . . 109
6.3 The Role of Creativity, Government Policy, and Preference . . . 112

6.3.1 A Rise in the Research Sector’s Creativity . . . . . . . . . . 112
6.3.2 Group 3’s Population Increases . . . . . . . . . . . . . . . . . . 112
6.3.3 Group 1 Applies Human Capital More Effectively . . . . 113
6.3.4 A Rise in the Tax Rate on the Production Sector . . . . . 113
6.3.5 A Rise in the Tax Rate on Group 1’s Consumption

of Goods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
6.3.6 A Rise in Group 1’s Propensity to Receive

Education . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
6.3.7 Group 1 More Effectively Accumulates Human

Capital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
6.4 Some Comments on Innovation with Microeconomic

Foundation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

7 Population Dynamics with Endogenous Birth and Mortality
Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
7.1 Haavelmo’s Growth Model and Chaos with Population . . . . . . . 120
7.2 Global Population and Economic Growth with Free Trade . . . . 124

7.2.1 The Production Sectors and Marginal Conditions . . . . . 124
7.2.2 Consumer Behaviors . . . . . . . . . . . . . . . . . . . . . . . . . . 125
7.2.3 The Birth and Mortality Rates and Population

Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
7.2.4 Wealth Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
7.2.5 Balance Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

7.3 Global Population with Changes in National Characters . . . . . . 130
7.3.1 Human Capital of Country 1’s Woman Being

Improved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
7.3.2 Country 1’s Mother Spending More Time on Per

Child Fostering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
7.3.3 A Rise in Country 1’s Total Factor Productivity . . . . . 133
7.3.4 A Rise in Country 1’s Propensity to Have Children . . . 133
7.3.5 Country 1’s Income having Stronger Impact

on the Mortality Rate . . . . . . . . . . . . . . . . . . . . . . . . . 135
7.3.6 A Rise in Woman’s Propensity to Pursue Leisure

Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
7.3.7 Impact of a Rise in Country 1’s Propensity to Save . . . 136

7.4 Population, Human Capital, and Physical Capital . . . . . . . . . . . 137
7.4.1 The Two Sectors and Marginal Conditions . . . . . . . . . 138
7.4.2 Human Capital Dynamics . . . . . . . . . . . . . . . . . . . . . . 138
7.4.3 Consumer Behaviors . . . . . . . . . . . . . . . . . . . . . . . . . . 138

x Contents



7.4.4 The Birth and Mortality Rates and the Population
Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

7.4.5 Wealth Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
7.5 The Population Affected by Preference and Other

Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142
7.5.1 A Rise in the Mortality Rate Parameter . . . . . . . . . . . . 142
7.5.2 A Rise in the Propensity to have Children . . . . . . . . . . 143
7.5.3 A Rise in the Propensity to Receive Education . . . . . . 143
7.5.4 The Human Capital Utilization Efficiency

is Increased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
7.5.5 The Mortality Rate Elasticity of Human Capital

is Enhanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

8 Health, Environment, Resources, and Government . . . . . . . . . . . . . 147
8.1 Health, Environment, and Wealth . . . . . . . . . . . . . . . . . . . . . . 147

8.1.1 National Labor Supply, Technologies, and Marginal
Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148

8.1.2 Modeling of Health Caring . . . . . . . . . . . . . . . . . . . . . 149
8.1.3 Consumer Behaviors . . . . . . . . . . . . . . . . . . . . . . . . . . 149
8.1.4 Dynamics of Household’s Health and Change

in Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
8.1.5 Behavior of the Environment Sector . . . . . . . . . . . . . . 151
8.1.6 Equilibrium Conditions for Outputs and Full

Employment of Factors . . . . . . . . . . . . . . . . . . . . . . . . 152
8.2 Taxes and Preferences Changes in Health Caring

and Leisure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
8.2.1 The Household Increases the Propensity to Use

Health Caring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
8.2.2 The Household’s Efficiency of Applying Health

is Increased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
8.2.3 The Household’s Human Capital is Enhanced . . . . . . . 156
8.2.4 A Rise in the Environmental Tax on the Capital Good

Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
8.2.5 A Rise in the Tax Rate on the Consumption of Health

Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
8.2.6 A Rise in the Household’s Propensity to Use Leisure

Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
8.2.7 Pollutants Speed Up Health Deterioration . . . . . . . . . . 159

8.3 Renewable Resources, Values, and Economic Structure . . . . . . 159
8.3.1 The Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . . 160
8.3.2 The Agricultural Sector . . . . . . . . . . . . . . . . . . . . . . . . 161
8.3.3 Choice Between Physical Wealth and Land . . . . . . . . . 161
8.3.4 Change of Renewable Resources . . . . . . . . . . . . . . . . . 161

Contents xi



8.3.5 Consumer Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . 162
8.3.6 Wealth Accumulation . . . . . . . . . . . . . . . . . . . . . . . . . 163
8.3.7 Balances of Demand and Supply for Industrial

Goods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
8.3.8 Balances of Demand and Supply for Agricultural

Goods and Renewable Resources . . . . . . . . . . . . . . . . 164
8.3.9 All the Land Owned by Households . . . . . . . . . . . . . . 164
8.3.10 Full Employment of Capital . . . . . . . . . . . . . . . . . . . . 164
8.3.11 The Value of Physical Wealth and Capital . . . . . . . . . . 164
8.3.12 Full Employment of Labor Force . . . . . . . . . . . . . . . . 165
8.3.13 The Land Market Clearing Condition . . . . . . . . . . . . . 165
8.3.14 Land Use for Renewable Resources . . . . . . . . . . . . . . . 165

8.4 Changes in the Population and the Preference. . . . . . . . . . . . . . 167
8.4.1 A Rise in the Propensity to Consume Resources . . . . . 167
8.4.2 A Rise in the Propensity to Consume Housing . . . . . . . 168
8.4.3 The Propensity to Consume Industrial Goods Being

Enhanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
8.4.4 A Rise in the Propensity to Consume Agricultural

Goods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
8.4.5 A Rise in the Propensity to Save . . . . . . . . . . . . . . . . . 171
8.4.6 The Population Being Augmented . . . . . . . . . . . . . . . . 172
8.4.7 A Rise in the Output Elasticity of Capital

of the Resource Sector . . . . . . . . . . . . . . . . . . . . . . . . 173
8.5 Comments on Dynamic Environment and Health . . . . . . . . . . . 173
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

9 Preference Change, Social Status, Habits, and Fashion . . . . . . . . . . 177
9.1 Social Status and Inequality in Wealth and Income . . . . . . . . . . 178

9.1.1 The Production Sectors and Marginal
Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

9.1.2 Disposable Incomes and Utility Functions . . . . . . . . . . 179
9.1.3 Social Status and Propensities to Save

and to Consume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
9.1.4 Optimal Household Behavior and Wealth

Accumulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
9.1.5 Market Equilibrium Conditions and Full

Employment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
9.2 Social Status as Spirit of Capitalism and Other Factor Are

Changed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
9.2.1 Group 1’s Spirit of Capitalism Rises . . . . . . . . . . . . . . 183
9.2.2 The Total Factor Productivity of the Capital Goods

Sector Being Enhanced . . . . . . . . . . . . . . . . . . . . . . . . 184
9.2.3 Group 1’s Social Status More Strongly Affecting

Its Propensity to Save . . . . . . . . . . . . . . . . . . . . . . . . . 185

xii Contents



9.2.4 Group 3’s Population Being Increased . . . . . . . . . . . . . 186
9.2.5 The Depreciation Rate of Physical Capital Rises . . . . . 186
9.2.6 Group 3’s Human Capital Rises . . . . . . . . . . . . . . . . . 187
9.2.7 A rise in the Output Elasticity of Capital of the Capital

Goods Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
9.3 Growth and Fashion with Snobs and Bandwagoners . . . . . . . . . 188

9.3.1 Technologies and Marginal Conditions . . . . . . . . . . . . 189
9.3.2 Disposable Incomes and Budgets . . . . . . . . . . . . . . . . 190
9.3.3 Utility Functions and Optimal Decision . . . . . . . . . . . . 190
9.3.4 A Brief Review on Fashion Dynamics and Habit

Formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
9.3.5 Average Consumption of Fashion and Preference

Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
9.3.6 Demand and Supply of the Three Sectors and Full

Employment of Capital . . . . . . . . . . . . . . . . . . . . . . . . 192
9.4 Fashion and Growth with Different Exogenous Changes . . . . . . 195

9.4.1 The Bandwagoner’s Propensity to Consume Fashion
is More Strongly Affected by the Average Fashion
Consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196

9.4.2 The Snob’s Propensity to Consume Fashion Is More
Negatively Affected by the Average Fashion
Consumption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

9.4.3 The Bandwagoner’s Propensity to Consume Fashion
is Increased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

9.4.4 The Bandwagoner’s Human Capital is Improved . . . . . 198
9.4.5 A Rise in the Bandwagoner’s Population . . . . . . . . . . . 199
9.4.6 A Rise in the Snob’s Propensity to Save . . . . . . . . . . . 200

9.5 Modeling Human Behavior by Integrating Psychology . . . . . . . 201
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

10 Portfolio Choice in General Dynamic Equilibrium . . . . . . . . . . . . . 203
10.1 Exchange Values of Gold, Land, Physical Capital, and Human

Capital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
10.1.1 The Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . . 204
10.1.2 The Agricultural Sector . . . . . . . . . . . . . . . . . . . . . . . . 204
10.1.3 The Education Sector and Marginal Conditions . . . . . . 205
10.1.4 Choice Between Physical Wealth, Gold, and Land . . . . 205
10.1.5 Disposable Income, Budget, and Decision . . . . . . . . . . 205
10.1.6 Dynamics of Human Capital . . . . . . . . . . . . . . . . . . . . 207
10.1.7 Equilibrium for Demand and Supply and Full Use

of Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
10.2 The Dynamics of Exchange Values with Exogenous

Conditions Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
10.2.1 The Propensity to Use Gold is Augmented . . . . . . . . . 210

Contents xiii



10.2.2 A Rise in the Propensity to Receive Education . . . . . . 210
10.2.3 The Propensity to Consume Housing is Increased . . . . 211
10.2.4 A Rise in the Propensity to Save . . . . . . . . . . . . . . . . . 212
10.2.5 A Rise in the Total Factor Productivity

of the Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . 213
10.2.6 The Population is Increased . . . . . . . . . . . . . . . . . . . . 214

10.3 A Few Remarks on Asset Prices . . . . . . . . . . . . . . . . . . . . . . . 215
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

11 Money and Unstable Economic Changes . . . . . . . . . . . . . . . . . . . . . 217
11.1 Growth with the Money-in-Utility (MIU) Approach . . . . . . . . . 219

11.1.1 The Real Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219
11.1.2 The Money via the “Helicopter Drop” . . . . . . . . . . . . . 220
11.1.3 The Disposable Income and Optimal Decision . . . . . . . 220

11.2 Equilibrium and Comparative Steady State . . . . . . . . . . . . . . . . 222
11.2.1 The Inflationary Policy . . . . . . . . . . . . . . . . . . . . . . . . 224
11.2.2 The Effects of Change in the Propensity to Hold

Money . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225
11.2.3 Effects of Change in the Propensity to Own Wealth . . . 225

11.3 A Small Open-Country Economy with the Cash-in-Advance
Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226

11.4 Dynamics and Equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
11.5 An Integration of the Taylor Rule and the Solow-Tobin

Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
11.5.1 The Sector Behavior and Marginal Conditions . . . . . . . 230
11.5.2 Household Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . 230
11.5.3 Monetary and Fiscal Policy . . . . . . . . . . . . . . . . . . . . . 232
11.5.4 The Government’s Budget Constraint . . . . . . . . . . . . . 232
11.5.5 Capital Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232

11.6 Comparative Dynamic Analysis . . . . . . . . . . . . . . . . . . . . . . . . 233
11.6.1 The Targeted Inflation Rate Is Enhanced . . . . . . . . . . . 233
11.6.2 The Total Factor Productivity Is Enhanced . . . . . . . . . 234
11.6.3 The Propensity to Hold Money Is Enhanced . . . . . . . . 235
11.6.4 An Increase in the Propensity to Save . . . . . . . . . . . . . 236
11.6.5 The Tax is Increased . . . . . . . . . . . . . . . . . . . . . . . . . 236

11.7 Comments on Further Extensions . . . . . . . . . . . . . . . . . . . . . . . 237
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238

12 Growth Theory Enriched with Monopoly, Monopsony, and Game
Theories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
12.1 Monopolies and Perfect Competition in Solow–Uzawa’s

General Equilibrium Growth Model . . . . . . . . . . . . . . . . . . . . . 241
12.1.1 The Production of Final Product . . . . . . . . . . . . . . . . . 242
12.1.2 Consumer Behaviors and Wealth Dynamics . . . . . . . . . 242

xiv Contents



12.1.3 Wealth Accumulation . . . . . . . . . . . . . . . . . . . . . . . . . 243
12.1.4 Equilibrium for Monopoly Product . . . . . . . . . . . . . . . 243
12.1.5 The Behavior of the Monopolies . . . . . . . . . . . . . . . . . 243
12.1.6 Demand and Supply and Full Employment . . . . . . . . . 245

12.2 Long-Term Growth with Changes in Monopoly Productivity
and Preference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
12.2.1 A Monopoly’s Total Factor Productivity

Is Enhanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
12.2.2 The Share Parameter of a Monopoly Product

Is Increased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246
12.2.3 The Share Parameter of Final Goods Is Increased . . . . . 247
12.2.4 A Monopoly’s Output Elasticity of Labor

Is Enhanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
12.3 Growth with Monopsony Against Woman in Labor Market . . . 248

12.3.1 Utility, Disposable Income, Budget, and Optimal
Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

12.3.2 Wealth Accumulation . . . . . . . . . . . . . . . . . . . . . . . . . 250
12.3.3 Production Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250
12.3.4 Demand and Supply Balance . . . . . . . . . . . . . . . . . . . 251
12.3.5 Equilibrium and Comparative Statics Analysis . . . . . . . 251

12.4 Long-Term Equilibrium with Woman’s Characters . . . . . . . . . . 252
12.4.1 Woman’s Human Capital Is Enhanced . . . . . . . . . . . . . 252
12.4.2 Woman’s Propensity to Use Leisure Time

Is Increased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
12.5 Monopsony Against Woman Harms National Economic

Performances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
12.6 Cournot-Nash Family Decision in an Extended Solowian

Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
12.6.1 The Disposable Income and Optimal Behavior . . . . . . . 255
12.6.2 Utility Functions and Budgets . . . . . . . . . . . . . . . . . . . 256
12.6.3 The Production Sector . . . . . . . . . . . . . . . . . . . . . . . . 257
12.6.4 Equilibrium Conditions . . . . . . . . . . . . . . . . . . . . . . . . 257

12.7 Dynamics of Cournot-Nash Family Decision with Exogenous
Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
12.7.1 The Husband Derives Less Well-Being from His

Wife’s Well-Being . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
12.7.2 The Wife’s Human Capital Is Enhanced . . . . . . . . . . . 259
12.7.3 The Wife Increases Her Propensity to Save . . . . . . . . . 260
12.7.4 The Wife Increases Her Propensity to Consume

Consumption Goods . . . . . . . . . . . . . . . . . . . . . . . . . . 261
12.7.5 The Wife Increases Her Propensity to Consume

Family Goods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
12.7.6 The Total Factor Productivity Is Enhanced . . . . . . . . . 262

Contents xv



12.8 On Contract Theory, Agent-Based Economics, and the General
Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263

13 Growth with Perfect and Monopolistic Competition . . . . . . . . . . . . 265
13.1 The Dixit–Stiglitz Monopolistic Competition . . . . . . . . . . . . . . 265
13.2 Integrating the Basic Model and Dixit–Stiglitz Model . . . . . . . . 268

13.2.1 The Final Good Sector . . . . . . . . . . . . . . . . . . . . . . . . 268
13.2.2 The Middle Good Sector . . . . . . . . . . . . . . . . . . . . . . 270
13.2.3 Consumer Behaviors and Wealth Dynamics . . . . . . . . . 271
13.2.4 Demand and Supply of Final Goods and Full

Employment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
13.3 Comparative Dynamic Analysis in the Solow–Dixit–Stiglitz

Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273
13.3.1 A Rise in the Degree of Specialization . . . . . . . . . . . . 273
13.3.2 A Rise in Output Elasticity of Intermediate Inputs . . . . 274
13.3.3 The Unit Labor Requirement for the Production

of Intermediates Rises . . . . . . . . . . . . . . . . . . . . . . . . . 275
13.3.4 The Propensity to Use Leisure Time Rises . . . . . . . . . . 275
13.3.5 The Propensity to Save Rises . . . . . . . . . . . . . . . . . . . 276
13.3.6 A Rise in Human Capital . . . . . . . . . . . . . . . . . . . . . . 277

13.4 An Integration of Neoclassical Growth, Dixit–Stiglitz
Monopolistic Competition, and Walrasian General
Equilibrium Theories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277
13.4.1 The Total Labor Force . . . . . . . . . . . . . . . . . . . . . . . . 278
13.4.2 The Final Good Sector . . . . . . . . . . . . . . . . . . . . . . . . 278
13.4.3 Disposable Income and Budgets . . . . . . . . . . . . . . . . . 278
13.4.4 Utility Functions and Optimal Behavior . . . . . . . . . . . . 279
13.4.5 The Middle Good Sector . . . . . . . . . . . . . . . . . . . . . . 282
13.4.6 Balances in Final Good Market, Labor Market,

and National Wealth . . . . . . . . . . . . . . . . . . . . . . . . . . 283
13.5 Comparative Dynamic Analysis in Preferences and Market

Characters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
13.5.1 The Elasticity of Substitution Between Two Varieties

Rises . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286
13.5.2 Fixed Labor Cost of the Middle Goods Firm

Is Increased . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286
13.5.3 A Rise in Variety of Middle Goods . . . . . . . . . . . . . . . 287
13.5.4 Group 1’s Propensity to Consume Middle Goods

is Enhanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
13.5.5 Group 1’s Propensity to Save Is Enhanced . . . . . . . . . . 289
13.5.6 Group 3 Enhances Human Capital . . . . . . . . . . . . . . . . 289
13.5.7 Group 3’s Population Is Increased . . . . . . . . . . . . . . . . 290
13.5.8 The Profit Distribution Is Shifted . . . . . . . . . . . . . . . . . 291

xvi Contents



13.6 On Growth with Contracts, Games, and Market Powers . . . . . . 292
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292

14 Trade Pattern, Tourism, and Global Development . . . . . . . . . . . . . 295
14.1 Integrating Heckscher–Ohlin and Oniki–Uzawa Trade

Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296
14.1.1 Production Functions and Marginal Conditions . . . . . . 296
14.1.2 Household Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . 297
14.1.3 Factor Markets and Demand and Supply . . . . . . . . . . . 298

14.2 Global Growth and Capital Flows with Various Exogenous
Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
14.2.1 A Rise in the Total Factor Productivity of Country

1’s Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . . . 300
14.2.2 A fall in the Output Elasticity of Country

1’s Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . . . 301
14.2.3 Country 1’s Population is Increased . . . . . . . . . . . . . . . 302
14.2.4 Country 1 Increases Its Propensity to Consume

the Domestic Commodity . . . . . . . . . . . . . . . . . . . . . . 303
14.2.5 Country 1 Increases Its Propensity to Consume

Country 2’s Global Commodity . . . . . . . . . . . . . . . . . 304
14.2.6 Country 1 Increases Its Propensity to Consume

Services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304
14.2.7 Country 1 Augments Its Propensity to Save . . . . . . . . . 305

14.3 Habit Formation and Preference Change with Free Trade . . . . . 306
14.3.1 The Production Sector and Marginal Conditions . . . . . . 306
14.3.2 Households Behavior . . . . . . . . . . . . . . . . . . . . . . . . . 306
14.3.3 The Time Preference and Habit Formation . . . . . . . . . . 308

14.4 Global Growth and Trade Pattern with Exogenous Changes . . . 310
14.4.1 Country 1’s Household Giving Lower Weights

to More Distant Values of Consumption . . . . . . . . . . . 310
14.4.2 Country 1’s Wealth Effect on the Propensity to Save

Becoming Stronger . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
14.4.3 Country 1’s Propensity to Consume Being More

Strongly Affected by Habits . . . . . . . . . . . . . . . . . . . . 312
14.5 Trade in Goods and Tourism with Infrastructure

and Externalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312
14.5.1 Industrial Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314
14.5.2 Service Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314
14.5.3 Full Employment of Capital and Labor . . . . . . . . . . . . 315
14.5.4 Behavior of Domestic Households . . . . . . . . . . . . . . . . 315
14.5.5 Demand Function of Foreign Tourists . . . . . . . . . . . . . 316
14.5.6 Full use of Land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317
14.5.7 Demand and Supply for Services . . . . . . . . . . . . . . . . 317
14.5.8 Behavior of the Government . . . . . . . . . . . . . . . . . . . . 317

Contents xvii



14.6 Impact of Various Shocks on the Tourist Economy . . . . . . . . . 320
14.6.1 A Rise in the Rate of Interest in the Global Market . . . 320
14.6.2 A Rise in the Total Productivity of the Service

Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321
14.6.3 Raising Tax Rate on the Service Sector . . . . . . . . . . . . 321
14.6.4 Raising Tax Rate on Consumption of Services . . . . . . . 322
14.6.5 An Improvement in Human Capital . . . . . . . . . . . . . . . 323
14.6.6 A Rise in the Household’s Propensity to Consume

Services . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
14.6.7 Public Services More Strongly Affecting the

Productivity of the Industrial Sector . . . . . . . . . . . . . . 324
14.7 On Nominal Exchange Rates and Capital Flows . . . . . . . . . . . . 325
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325

15 Alonso Urban and Solow Growth Models Integrated . . . . . . . . . . . 327
15.1 Land Value, Residential Structure, and Growth . . . . . . . . . . . . . 328

15.1.1 The Total Labor Input and Production Sector . . . . . . . . 329
15.1.2 The Relation Between the Lot Size and Residential

Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
15.1.3 Choice Between Physical Wealth and Land . . . . . . . . . 329
15.1.4 Travel Time and Cost to the CBD . . . . . . . . . . . . . . . . 330
15.1.5 Land Ownership, Disposable Income, and Budget . . . . 330
15.1.6 Utility, Amenity, and Optimal Solution . . . . . . . . . . . . 331
15.1.7 Equal Utility Level, Wealth Accumulation

and Market Equilibria . . . . . . . . . . . . . . . . . . . . . . . . . 332
15.2 Spatial Growth with Land Value Change . . . . . . . . . . . . . . . . . 333
15.3 Growth and Land Value with Exogenous Changes . . . . . . . . . . 333

15.3.1 An Increase in the Interest Rate . . . . . . . . . . . . . . . . . 334
15.3.2 The Total Factor Productivity Being Enhanced . . . . . . 334
15.3.3 The Propensity to Save Being Increased . . . . . . . . . . . 336

15.4 A Few Comments on Generalizing the Spatial Model . . . . . . . . 336
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337

16 Miscellaneous Issues and Conclusion . . . . . . . . . . . . . . . . . . . . . . . 339
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341

xviii Contents



Chapter 1
The Time for a Grand Economic Theory

The grand aim of all science is to cover the greatest number of
empirical facts by logical deduction from the smallest number of
hypotheses or axioms.
Albert Einstein

Mathematics is called the queen of all sciences. Advances in modern economics,
especially after World War II, have been associated with applications of different
fields ofmathematics. The rapid development in nonlinearmathematics and computer
in the last few decades has enabled economists to further explore, empirically
and theoretically, the complexity of economic systems. The advance of nonlinear
economics is a visionary revolution in economic thinking about change, time scale,
and speed of changes which are conceptually essential not only for differentiating
various schools of economic dynamics, but also for unifying ideas and theories in
economics (and other fields in social sciences) within a single analytical frame-
work. Before constructing the general economic theory, I outline a new paradigm
of analytical economics in association with applications of nonlinear science and
computer.

1.1 The Synergetic Economics Generalizes the Foundations
of Economic Analysis

Funeral by funeral, theory advances.

Paul Samuelson

Economics, especially analytical economics, has experienced revolutionary
changes in the last few decades. This revolution is caused by nonlinear science, which
is composed of many branches, such as synergetics, theory of complexity, theory
of self-organization, and chaos theory. The revolution implies that economics can
analytically and effectively treat the economic reality as an organic whole, rather than
collections of separate and unconnected parts as in traditional analytical economics.
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2 1 The Time for a Grand Economic Theory

Having been influenced by different branches of nonlinear science, I started to
apply nonlinear science to economics about 35 years ago. I call this theory synergetic
economics (Zhang1989or 1991) as it is based on synergetics created byHaken (1977,
1983). Synergetics deals with collective static or dynamic phenomena in closed or
open multi-component systems with cooperative interactions occurring between the
units of the system. Synergetics concentrates on the structural self-organizing space–
time features of systems on a macroscopic level. It turns out that on this level, there
exist close analogies between various systems in physics, chemistry, and biology,
though they are composed of different units with completely different elementary
interactions. From this new scientific perspective, theories reveal on how order gives
way to chaos, order is discovered within chaos, and order is again created out of
chaos.

The basic tool in synergetics is nonlinear mathematics. The theory is initiated by
Poincaré (1854–1912) who revolutionized the study of nonlinear differential equa-
tions by introducing the qualitative techniques of geometry and topology rather than
strict analytic methods to discuss the global properties of solutions of these systems.
The study of dynamic systems was furthered in the Soviet Union, by mathematicians
such as Liapunov, Pontryagin, Andronov, and others. Around 1975, many scien-
tists around the world were suddenly aware that there is a new kind of motion—
now called chaos—in dynamic systems. The new motion is erratic, but not simply
“quasiperiodic” withmany periods.What is surprising is that chaos can occur even in
a very simple system.With the recent fast development of computers, scientists have
been able to see that complicated behavior of high-dimensional nonlinear dynamic
systems.

Before modern nonlinear science was introduced to economics, analytical
economics had been dominated by Samuelson’s magnum opus Foundation of
Economic Analysis. Paul Samuelson (1915–2009) made great contributions to devel-
opment of formal economics. He was awarded the 1970 Nobel Prize in economics:
“for the scientificwork throughwhich he has developed static and dynamic economic
theory and actively contributed to raising the level of analysis in economic science.”
He had played a great role in bringing rigorous analysis to economics that had previ-
ously relied on mostly verbal and graphical analysis. His Foundation started a new
epoch of economic analysis. The Foundationwas based on his Harvard Ph.D. disser-
tation. He attempted to formalize economic problems as maximizing or minimizing
subject to constraints. His other influential book Economics: An Introductory Anal-
ysis, first published in 1948, effectively provided the world a common analytical
tool with which microeconomic and macroeconomic phenomena of various parts of
the world can be understood, analyzed, interpreted, discussed, and taught. Since its
publications, theEconomics has globally framed textbooks on introduction tomodern
economics till today. It did not take me long time to generalize the Foundation as
the generalization was carried out by applying nonlinear science to economics. It
has taken me three decades to put many seemingly unconnected ideas and theories
in economics into a single analytical framework.

In the Foundations, Samuelson broadly classified the development of analytical
economics into five steps. First, in Walras one has the final culmination of concept
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of equilibrium. Pareto and others took a second step which laid the basis of a theory
of comparative statics. The third step, which is characterized by maximizing action
within an economic unit, was mainly carried out by W. E. Johnson, Slutsky, Hicks,
and Allen, and other economists. The fourth advance is due to the discovery of the
correspondence principle. There are comparative statics analysis and comparative
dynamics analysis according to whether the analysis is completed for a static or a
dynamic model. When the system is stable, the comparative dynamics analysis is
called the correspondence principle by Samuelson. In his Foundation, Samuelson
foresaw what should be done in the future:

A natural fifth step to take after we have investigated the response of a system to change in
given parameters is to investigate its behavior as a result of the passage of time.

Inspirited by Haken’s synergetics and Prigogine’s works (Prigogine 1980;
Prigogine and Stengers 1984) on dissipative structures, I generalized Samuelson’s
Foundation, analytically completing the fifth step with nonlinear science andmodern
computer. After having read the Foundations and The Collected Scientific Papers of
Paul A. Samuelson (the volumes published by 1990) and other classical works in
economics, I set myself a task to explore the fifty step of analytical economics
unexplored in the Foundations. My Synergetic Economics, which was finalized and
printed in the same day as my Umea Ph.D. dissertation Economic Development as
research reports ofUmeaUniversity in 1989,made a progress in analytical economics
by examining nonlinear dynamic economic systems. Synergetic Economics was
late published in Herman Haken’s Synergetics series in 1991. My dissertation was
published in 1990 with title Economic Dynamics—Growth and Development by
Springer-Verlag.

Synergetic Economics was the first comprehensive book in nonlinear economics,
especially in its explicit recognition as completing the fifth step of analytical
economics. It contributes the development of the fifth step. Samuelson recognizes
the significance of comparative dynamic analysis. But his generation could not create
a theory of comparative dynamics in the contemporary standard. Nonlinear science
and modern computer were not available then.

In contrast to Samuelson’s traditional analytical economics, which is concerned
with linearity and stability, synergetic economics emphasizes linearity versus
nonlinearity, stability versus instability, continuity versus discontinuity, permanence
versus structural change. Synergetic economics treats nonlinearity and instability as
sources of the variety and complexity of economic dynamics, rather than nuisance
and temporal phenomena as traditional economics does. According to synergetic
economics, economic systems may run through a hierarchy of instabilities in which
more and more structured patterns evolve. Such instabilities are caused by changes
of external parameters and can lead to a new spatiotemporal pattern of the system.

A whole description of economic life needs genuine dynamic model which
describes connected movements of every part of the entire whole. A genuine
economic theory should be able to describe every individual behavior as an element
of the entire economic system. There is no distinction between microeconomics and
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macroeconomics as individuals live within the whole and the whole consists of indi-
viduals. The development of mathematics and computer provides powerful tools to
explore complexity of genuine dynamical behavior. Nonlinear science gives a new
vision about dynamic evolution. Synergetic Economics “completed” the fifth step
because of the accumulated knowledge not only in economics, but also in natural
sciences and mathematics. Synergetic economics marks the start of a new era of
nonlinear dynamic economics. It shows the way in which economic systems far
from equilibrium evolve elaborate structures: cycles, aperiodic motion, chaos, and
well-organized time-dependent urban pattern formations.

Synergetic economics reveals how such interactions can bring about qualitatively
new structures and how the whole is related to and different from its individual
components. A modern computer can explore a far wider class of phenomena than
it could have been imagined even a few decades ago. The essential ideas about
complexity upon which synergetic economics is based have found wide applications
among a wide range of scientific disciplines, including physics, biology, ecology,
psychology, cognitive science, and sociology. Many complex systems constructed in
those scientific areas have been found to share many common properties. The great
variety ofmultiple applied fieldsmanifests a possibly unifyingmethodological factor
in sciences. Nonlinear theory offers scientists a new tool for exploring and modeling
the complexity of nature and society. The new techniques and concepts provide
powerful methods for modeling and simulating trajectories of sudden and irre-
versible change in social and natural systems. The range of applications of synergetic
economics includes many topics, such as catastrophes, bifurcations, trade cycles,
economic chaos, urban pattern formation, sexual division of labor and economic
development, economic growth, values and family structure, the role of stochastic
noise upon socioeconomic structures, fast and slow socioeconomic processes, and
relationship betweenmicroscopic andmacroscopic structures.All these topics cannot
be effectively examined by traditional analytical methods.

The Samuelson generation had refined and developed the classical economic
theories, but not in a unified manner. This book aims at unifying the well-developed
theories in a comprehensive framework. It tends to dowhat Samuelson had envisaged
long time ago:

The usefulness of any theoretical structure lies in the light which it throws upon the way
economic variables will change when there is a change in some datum or parameter. This
commonplace holds as well in the realm of dynamics as in statics. It is a logical next,
therefore, to begin to create a theory of comparative dynamics. This will include the theory
of comparative statics as a special case, and indeed all of the earlier five subjects, but it will
cover a much richer terrain.

This book explores “a much richer terrain.”
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1.2 Speed and Time Scale in Synergetic Economics

Synergetic economics attempts to provide a new vision of economic dynamics:
a vision toward the multiple, the temporal, the unpredictable, and the complex.
It tends to replace simplicity with complexity and specialism with generality in
economic analysis. The concepts such as totality, nonlinearity, self-organization,
structural changes, order, and chaos have found broad and new meanings by the
development of this new science. Economic dynamics are considered to resemble a
turbulent movement of liquid in which varied and relatively stable forms of current
and whirlpools constantly change one another. These changes consist of dynamic
processes of self-organization along with the spontaneous formation of increasingly
subtle and complicated structures.

Even in basic economic courses, short-run and long-run phenomena are empha-
sized. An economic theory which tends to explain long-run economic evolution may
be meaningless to explain short-run economic phenomena; similarly, the short-run
Keynesian theory may be invalid for the long-run Schumpeterian theory of creative
destruction. Orphanides and Solow (1990: 258) point out a fundamental problem
of economics: “Short-run macroeconomics and long-run growth theory have never
been properly integrated. It is only a slight caricature to say that once upon time
the long run was treated causally as a forward extension of the short run, whereas
nowadays the tendency is to treat the short run causally as a backward extension of
the long run.”

Before nonlinear science and computer were available, there was no proper tool
for building a general nonlinear economic theory in which both short-run and long-
run issues in microeconomics and macroeconomics can be analyzed in a single
framework. Keynes (1883–1946) emphasizes the significance of studying short-run
phenomena as follows: “But this long-run is a misleading guide to current affairs. In
the long run, we are all dead.” It is a common sense that before going to the long-run
equilibrium state, death, the human body functions dynamically without going to
any unique time-invariant point. The man’s organ, health, preference, and human
capital are constantly changing. These variables are all interconnected in dynamic
wayswithin the same body. Onemay die in a fewminutes if a subsystem, like heart or
blood, disfunctions; a subsystem, like preference structure, has complicated relations
with the other subsystems in the long term. No one can naturally avoid the aging
process. To live a happy and long life, one take care of short-run as well as long-run
health issues. Like human body, a human society is composed of different, such
as fast like blood and slow such as bones, processes within closely interconnected
whole. Long-run welfare and everyday pleasures are mingled together within an
organic whole. Time is at the center of the chief difficulty of almost every economic
problem. The role of time in decision makings and action is becoming increasingly
complicated as variety of action and social networks are expanding. It is difficult to
decide the length of time which affects a special decision making since each kind
of human decisions are made with different time scales and two persons may have
different time scales with regards to the same kind of decisionmaking. One important
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issue in synergetic economics is to explore relations between microeconomic and
macroeconomic processes within different time scales. As time passes, economic
issues with which economists are concerned have shifted. Even since the time of
Adam Smith, the economic variables that economists have dealt with appear to
have been invariant. But the ways in which these variables are combined and the
speeds at which they change have constantly varied and the dominant economic
doctrines have shifted over time and space. The complexity of economic reality is
constantly increasing inmodern time.This is partially because of the expanded capital
and knowledge stocks of mankind and fast development of computer. Knowledge,
in fields of philosophy, arts, literature, music, technology, and sciences, expands
man’s imagination and extends possibilities of human action. Knowledge is not only
power and sources of money, but also the most durable capital good. Increases in
machines, housing, and infrastructures have enriched human environment, increased
accessibility to various locations, and enlarged variety of human behavior.

If one examines the complexity of economic evolution from a historical perspec-
tive, mankind has experienced three economic structural transformations—from
hunting society to agricultural one, agricultural society to industrial one, indus-
trial society to information/knowledge-based one. These transformations are still
occurring in different nations in different forms at different speeds. Each of these
economic systems has certain corresponding dominant ideologies such as religions,
socialism, and capitalism. At each turning point, there tend to be great conflicts
among different social classes, though forms of conflicts are affected by geograph-
ical conditions, cultural traditions, international environment, and other factors. As
an illustration of applying the concept of speeds of changes in analyzing economic
structural changes, I choose three variables, the population, capital, and knowledge.
These three variables may be roughly considered to be changeable at different speeds
in different societies. If one is interested in examining agricultural economies, one
may concentrate on population (and power struggle) dynamics. But the analytical
conclusions about agricultural economies cannot be applied to explain economic
dynamics of industrialized economies, as capital is the dominant variable of indus-
trial economies. Similarly, the analytical conclusions about capital-based societies
cannot be applied to explain economic phenomena of knowledge-based societies as
knowledge is also created and diffused very rapidly.

Another dimension in analysis is space. Man, action, capital, knowledge, and
time can become culturally and socially meaningful only in certain space. Fast tech-
nological changes, richness of material living conditions, complicated international
interactions, andmanyothermodern phenomenahave increased complexity of spatial
economies. Without spatial dimension, one can hardly analyze actual processes of,
for instance, how Japanese economy affects the world economy. In fact, the choice
of spatiotemporal scale is a delicate process and must be made before actual study
of any special economic problem. The explicit awareness of this necessity is very
important for understanding both economic reality and structure of economics.

In synergetic economics, the key words are space, time, and structure. It is hard
to give a precise concept of structure. Here, a structure means a sum of elements and
relationships between those elements. In other words, structure stands for the way
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the elements and constituent parts of a whole are arranged with respect to each other.
Structure represents awhole inwhich each element depends on the others by virtue of
its relationswith them.According toThom (1977), structure is defined as a spatiotem-
poral morphology described by significant spatial discontinuities and by the syntax
that determines how these sets of discontinuities form into relatively stable systems.
In evolving structures, relations depend on time. The structure includes properties,
which are properties of the whole rather than only properties of its component parts.
Any change in one element or one relationship will cause a modification in other
elements or relationships. By means of the cooperation of the individual parts of
different subsystems, new properties may emerge that are not present in the subsys-
tems. Economic evolution involves not only changes in variable levels and functions
but also in organizational structures that concern the way elements are connected
within subsystems, the way subsystems are embedded in large ones, and the way
that organizational structures emerge or disappear.

All these intrinsic difficulties related to economic structures heavily affect the
efficiency of modeling economic systems. Multiple levels are described in long-
term studies. This requires economic theory to have internal structures to represent
the complexity of subsystems and connections of the subsystems. Such structural
models will eventually turn out to be very complicated. A study of dynamics of
a process on a level can thus be conducted by taking behavior of higher levels as
fixed and “enslaving” behavior of the low levels as structurally determined flows.
In other words, for the chosen time scale, the behavior of higher levels is so slow
that they can be effectively negligible, and the behavior of lower levels is so fast
that perturbations generated by the behavior of lower levels can also be effectively
neglected. For instance, an economic analysis may be conducted in a time scale
short enough to assume changes in ecological processes negligible and long enough
to average out noise from processes occurring at individual levels. By the way,
according to synergetic economics, in “revolutionary” periods or at such critical
points, neither the dynamics of higher levels nor the perturbations generated by the
behavior of lower levels are negligible. The model used to describe the dynamic
interaction of the chosen subsystem is no longer able to provide reliable information
about possible behavior of the subsystem.

As an illustration, a few classical economic theories are mentioned with the
concepts of time scale and speed of change.

1.2.1 Adam Smith (1723–1790)

In the Wealth of Nations, Adam Smith was concerned with the forces that govern
the relative levels of prosperity among countries and that cause differences between
countries. He discussed the advantages of the division of labor and its dependence on
the scale of activity and the extent of the market. Large-scale activity and extended
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market permit specification and thus improve skills and labor efficiency. Technolog-
ical progress, division of labor, and scale of market are interdependent. He empha-
sized the significance of free institutions under which people freely exploit the advan-
tage of their skill and knowledge and resources. Adam Smith’s economic theory
with division of labor and competitive equilibrium, irrespective of positive dynamic
elements, sets limits on economic growth. His theory of economic equilibrium has
been supported by the modern competitive equilibrium approach, while his theory
of division of labor is formally modeled in recent years.

1.2.2 Ricardo (1772–1823)

Ricardo’s fame relies on his Principles published in 1817. Although his interest
in economics began with reading Adam Smith, he emphasized manufacturing in
studying national economy. He tried to establish lawswhich regulate what proportion
of the whole produce of the society will be allotted to each of three—landowner,
capitalist andworker—under the names of rent, profit, andwages, respectively. These
laws show how the distribution will change at different stages of society. He was
concerned with an economic system consisting of agriculture and industry.

1.2.3 Malthus (1766–1834)

Although Malthus was not the first to examine demographic problems, he developed
a theory of population growth. By emphasizing the interdependence of population
growth and food supply, his theory lent support to the subsistence theory of wages,
which had important influences upon Ricardo, Marx, and Keynes. In the simplest
form of the Malthusian growth model, the population grows at a constant rate times
the population present, with no limitations on its resources. That is, Ṅ (t) = aN (t),
where N (t) is the population at time t and a is a positive parameter. Such a popu-
lation growth may be valid for a short time, but it clearly cannot go on forever.
Malthus was aware of uncertainty in economic evolution with endogenous popula-
tion. He believed in the nonlinearity of structural relations, and their complicated
multi-connected nature, even though he could not rigorously show consequences of
nonlinear interactions.

1.2.4 Marx (1818–1883)

Central to both Ricardo andMarx’s economics were issues of the fundamental deter-
minants of relative prices, production and reproduction and the distribution of income
among social classes. As Marx created a system that embraced almost all fields of
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social sciences, his ideas about economic dynamics are quite beyond the scope of this
study. According to Schumpeter (1954: 596), “Ricardo, the most unmetaphysical of
theorists, introduced the labor-quantity theory of value simply as a hypothesis that
was to explain the actual relative prices—or rather the actual long-run normals of
relative prices—that we observe in real life. But for Marx, the most metaphysical of
theorists, the labor-quantity theory was no mere hypothesis about relative prices.”
I will model income and wealth distribution between various classes, which is a
generalization of Marx’s ideas on economic dynamics.

1.2.5 The Walrasian General Equilibrium Theory

The general equilibrium theory is a system in which maximization of households’
utilities and producers’ profits yields consumption components as functions of prices.
The population, capital, natural resources, and technology are fixed in this approach.
Price dynamics are specified according to the Tâtonnement. I generally describe the
system by

s Ẋ(t) = FX (X (t), P(t)), Ṗ(t) = FP(X (t), P(t)),

in which X and P are, respectively, the output and the price of the commodity. I
consider that the real variable is “slow.” Setting s = 0, I get FX (X (t), P(t)) = 0, or
X (t) = X(P(t)). The functional forms of FX are determined by the forms of utility
and production functions. Substituting X (t) = X(P(t)) into the price system yields:

Ṗ(t) = F∗
P(P(t)),

where F∗
P(P(t)) ≡ FP{X(P(t)), P(t)}.

An important feature of economic structures is that they are intrinsically compli-
cated at each level. Individuals, groups or clubs, regions and nations, even as they
develop under similar conditions, are not the same. Detailed studies of their evolution
have provided many examples of an intrinsic complexity. For instance, random fluc-
tuations in tastes may affect microeconomic evolutionary processes on a large scale.
The economic structure represents the values and principles of the economic orga-
nization. The system may be analyzed by dividing the whole system into different
levels, each representing a subsystem, which consists of relatively uniform elements
that interactwith eachother either in simple or complicatedways. Tofind anddescribe
these interactions are the key elements for analyzing order and disorder at any given
level.
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1.3 The Time to Integrate Economic Theories

The multitude of books is making us ignorant.

Voltaire (1694–1778)

In the Foundation, Samuelson predicts what is important for analytical economics
(Samuelson 1947): “The further development of analytical economics along the lines
of comparative dynamics must rest with the future. It is to be hoped that it will
aid in the attack upon diverse problems—from … even to the majestic problems
of economic development.” My focus in this book is on “the majestic problems
of economic development.” These problems are analyzed by designing a genuine
dynamic economic theory which illustrates actual paths of development with fast
and slow processes and long-term and short-term time scales within a single analyt-
ical framework. Different economic theories have been proposed to study economic
phenomena of different economic systems. The conventional distinction is between
micro (household and firm behavior) and macro (nationally or globally aggregated
models). There are also intermediate stages such as interactions between the agri-
cultural sector and industrial sector. It is important to build a theory in which micro,
intermediate, and macrovariables are treated in an interconnected whole.

The traditional scientific strategy is to decompose the whole into simpler parts
until one can deal with simple parts. Economics has tried to find simplicity in a
complex reality by this strategy. Economic theories such as Walrasian equilibrium
theory, neoclassical growth theory, and new growth theory are developed, indepen-
dent of each other, even though they deal with the same economic reality. Various
fields in economics live in isolation from each other. Students trained in one subfield
often have not a shared understanding of the fundamentals of the others. Economists
from each subfield do not converge upon a common framework but find themselves
in divergent directions. Economists have made various assumptions about the under-
lying laws of economic systems. The essence of synergetic economics implies that
traditional economic theories and ideas which are proved to be valid or insightful for
certain speeds of change and certain time scales should be integrated in a greater
whole. This book is to construct a general theory with the vision of synergetic
economics.

Confronted with limitations of traditional economics, economists have tried to
relax assumptions in traditional analytical economics by taking account of, for
instance, imperfect competition, imperfect information, institutions, and irrationality
into economics. Many theories have been proposed by taking some realistic aspects.
One find disequilibrium macroeconomics, family economics, share economy, new
growth theory, and so on. Economics has been split between partial and conflicting
representations of the same economic world. Diverse economic theories have coex-
isted but not in a structured relationship with each other. Students majoring in
economics are taught severally incompatible theories one by one in the same
course. Economic theory has experienced crises, such as in neoclassical growth
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economics and Keynesian economics. Crises also imply opportunities for improve-
ment. Multiple representations of the same reality itself imply a higher presentation.
In order to overcome incoherence among multiple economic theories, economics
needs a general theory which accounts for the phenomena explained by different
theories in a unifiedmanner. It is important to draw together the disparate branches of
economics into a single organized system of knowledge. Causal links between these
theoriesmakes one to bridge theoretical gaps that a subtheorymay not be able to span.
This bookmakes a theoretical integration of well-established economic theories. The
integration is conceptual integration in the sense that I analyze economic phenomena
in different subfields with a few common basic concepts and assumptions. The theo-
retical framework describes dynamic interdependence between capital, knowledge,
population, preference, habit, environment, resource, economic structure, family
dynamics, different markets, and exchange values. Although it is easy to say that
population growth, capital accumulation, creativity, and knowledge utilization, pref-
erence changes, resources are the basic determinants of modern economic changes, it
is not easy to build a theorywhich connects themwithin a single analytical framework
under various markets.

In evaluating a new theory, Kuhn (1977) gives a few criteria as summarized by
Zhang (1999: 402–403): “(1) accurate within domain; (2) consistent internally and
with other currently accepted theories; (3) a broad scope allowing its consequences
to extend beyond the particular observations, laws or subtheories it was initially
designed to explain; (4) simple but able to bring order to the phenomena that in its
absence would be individually isolated and, as a set, confused; and (5) fruitful to
disclose new phenomena or previously unnoted relationships among those already
known.” When claiming that the book proposes a general theory, I pay attention to
these five characteristics—accuracy, consistency, scope, simplicity, and fruitfulness.
I am also aware of limitations of these principles in evolution of socioeconomic
theories as emphasized by Kuhn and other scholars.

1.4 The Structure of the Book

This book develops a general economic theory. It integrates classical theories from
Adam Smith to Keynes and formal (mathematical) theories by Nobel Prize laure-
ates in economics. It also establishes important relations among economic variables
unrecognized in the literature of rigorous economic analysis. It constructs the theory
by proposing a series of models; each of them can be combined to form a more
comprehensive model. It is intended to build an economic theory like the Yi Jing
system. The book is organized as follows.

This chapter shows that it is the time to integrate well-developed economic theo-
ries and to build a grand economic theory. Analytical economics has experienced a
revolutionary change in the last few decades. This revolution is caused, in association
with fast development of computer, by nonlinear science, which is composed ofmany
branches, such as synergetics, theory of complexity, theory of self-organization, and
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chaos theory. The revolution enables economists to analytically treat an economy
as an organic whole, rather than collections of separate and unconnected parts as
in traditional analytical economics. Having been influenced by different branches
of nonlinear science, I have started to apply nonlinear science to economics about
35 years ago and built a theory in analytical economics, named synergetic economics.
The name came from synergetics created by Hermann Haken. My book Syngenetic
Economics is a further development of Samuelson’s magnum opus Foundation of
Economic Analysis, which was constructed in the time when nonlinear science and
computer were not yet well developed. My book does what Samuelson foresaw what
should be done after his influential milestone: “A natural fifth step to take after we
have investigated the response of a system to change in given parameters is to inves-
tigate its behavior as a result of the passage of time.” I also show what synergetic
economics imply for modern economics. I recognized that it is the time to build
a general economic theory in which main economic theories are treated as special
cases. I started this process more than 30 years ago and this book reports the main
results of the endeavor.

Chapter 2 starts the process of constructing the theory by building a model, called
the basic model in this book, similar to the Solow–Swan model with an alternative
concept of disposable income and utility function. It defines the basic model and its
relations with some core growth models in macroeconomics. The first two sections
develop the basic model and examine its behavior. Section 2.3 provides a theoretical
foundation for the utility function proposed by the author. Section 2.4 shows that
the rational behavior of household in the basic model yields the same economic
mechanism as in the Keynesian consumption function. Section 2.5 shows that the
basic model generates the same economic phenomena as the Solow growth model if
I specify some preference change. Section 2.6 shows that the basic model generates
the same economic phenomena as the Ramsey–Cass–Koopmans model with some
endogenous preference change.

Chapter 3 generalizes the Walrasian theory. The traditional theory is for a
stationary economic system. Walras introduced saving and capital accumulation in
his general equilibrium theory. But his treatments of capital accumulation are not
proper, especially in the light of modern neoclassical growth theory. Ricardo’s On
the Principles of Political Economy and Taxation of 1817 makes a valuable contri-
bution to economics. Applying the law of diminishing returns in agriculture, he
makes important development of the theory of rent. His study shows how wages,
interest rate, and rent can be determined within a compact theory. This chapter
integrates Walrasian general equilibrium, Ricardian distribution, and neoclassical
growth theories as an extension of the basic model proposed in Chap. 2. The chapter
also introduces exogenous shocks to the general equilibrium and demonstrates how
various business cycles are generated by different exogenous changes. The appendix
generalizes the model in cases of multiple capital and consumer goods.

Chapter 4 introduces education and human capital accumulation into the basic
model. Adam Smith argues that improvement in the productivity of labor has their
origins in the large part of the skill, dexterity, and judgment. Human capital is a conse-
quence of the division of labor. But the opportunities and incentives to whichworkers


