
Tonu Puu

An Introduction

Second, Revised and Enlarged Edition
with 114 Figures

Springer



Coiriteets

Prologue 1

1 Location Theory , • : 5

1.1 The Weber Problem ;........ 5

1.2 Pick's Construction 11
.1.3 Location and Substitution ;../...... 17
1.4 Non-Euclidean Metrics 23

1 Optimal Routes :,.. 31

2.1 Flows and Routes ..<..:. 31
2.2 Parameterized Paths :......,.. ;. 32
2.3 Shortest Paths and Euler's Equation 34
2.4 A Simpler Case '.... : , 38
2.5 An Example • '. .- '.... 39
2.6 Another Example : 43
.2.7 Ferrnat's Principle and Snell's Law 46
2.8 Geodesies on Curved Surfaces 50
2.9 Generalizations: Several Functions 57
2.10 Generalizations: Constraints ... 58
2.11 Coordinate Transformations ; 59
2.12 The Isoperimetric Problem :, ..: 63

3 Flows in the Space Economy 67

3.1 Flows in One Dimension 68
3.2 Flows in Two Dimensions 71
3.3 Euler's Equations Revisited 80



VIII Contents

3.4 Minimal Surfaces „ . 83
3.5 . Generalizations 85
3.6 Beckmann's Flow Model 86
3.7 Uniqueness in the Beckmann Model 93
3.8 Aggregate Values 97

4 Market Areas 101

4.1 From Launhardt to Losch ' 101
4.2 Compactness and Stability :.. 106
4.3 ' Optimality Versus Stability 112
4.4 Nesting of Market Areas 114
4.5 Rank-Size Relations ...-. : 122
4.6 Price Policies ..;.1 127
4.7 Mill Pricing 129
4.8 Discriminatory Pricing ' 131
4.9 Uniform Delivery Price 132
4.10 Oligopoly Theory ....: 134
4.11 Local Oligopoly , 1.35
4.12 Disjoint Monopolies 140
4.13 The Hotelling Case 142
4.14 Equilibrium for Two Identical Firms 145
4.15 Crowding and Price Undercutting 148
4.16 Oligopoly in 2D: Equilibrium 153
4.17 Oligopoly in 2D: Price Cuts 158
4.18 Oligopoly in 2D: Cutting Out Competitors 160
4.19 Oligopoly in 2D: Touching Monopolies 162
4.20 Oligopoly in 2D: Partial Changes of Location 164
4.21 Public Utility Location 167
4.22 Demand: One Dimension 170

. 4.23 Bifurcations 174
4.24 Nonlinear Demand 176
4.25 Two Dimensions: Circles 178
4.26 Two Dimensions: Polygons 183

5 Land Use '. 189

5.1 Von Thiinen's Model 189
5.2 Generalization:. Production 194
5.3 Generalization: Transportation 198
5.4 Beckmann's Flow Model Revisited 199



Contents IX

5.5 Differential Equations in the Plane '~201
5.6 'Structural Stability Defined ; 204
5.7 The Square Flow Grid 208
5.8 Triangular/Hexagonal Grids .' „ 213
5.9. Changes of Structure 217
5.10 Fractal Rent Landscapes 225"

6 Commuting and Migrating 229

6.1 The Gravity Model 229
6.2 Traffic: Linear Routes 230
6.3 Traffic: Spiral Routes 239
6.4 The Entropy Model 245
6.5 Hotelling's Migration Model : : 252
6.6 Stability of Hotelling's Model 257
6.7 Hotelling's Model with Production -259
6.8 Pure Growth in the Model with Production .• 261
6.9 Stationary Solutions for the Model with Production 263
6.10 Travelling Waves for the Model with Production 266

7 Cycles, Growth, and Equilibrium .... ... ;... 271

7.1 Spatial Growth ... 27)
7.2. Spatial Business Cycles 279
7.3 Equilibrium of the Beckmann Model 286
7.4 Stability 288

8 Transportation Networks ; 293

8.1 . Transportation Cost Metrics , 295
8.2 Nested Networks. ,... 303
8.3 Detours and Accessibility 309
8.4 Topological Considerations -. 314
8.5 Networks in Reality 316
8.6 Fractal Networks 318
8.7 Central Networks ,..., 320
8.8 The Number of Radials 322
8.9 Approximations 325
8.10 Bifurcations of Radial s 328
8.11 Curved Bifurcations 335
8.12 Accessibility 338



X Contents

Epilogue ; ; 343

List of Figures , 345

Author Index 349

Subject Index : 351

Glossary of Formulas 357


