CONTENTS

PREFACE xiii
TABLE OF EQUIVALENT
MEASURES xvid
ABOUT THE COVER xix
PART I Order, Science, and

Geography
CHAPTER 1
THE ORIGINS OF SCIENCE 3

INTRODUCTION, 3

EVENTS AND ORDER, 4
Events and Experience, 4. The Necessity to
Order Experience, 6. Primitive Order: Individuals

vii

in Experience Continua, 8. The Nature of Ordered
Experience, 10. How We Begin to Order Experience :
A Scheme, 12.

MODES OF ORDER, 15
Theological Order, 15. Aesthetic and Emotional
Order, 16. Common Sense, 17. Scientific Order,
18.

THE USE OF ORDERING SYSTEMS, 19
SUGGESTIONS FOR FURTHER READING, 21
WORKS CITED OR MENTIONED, 21

CHAPTER 2

SCIENCE AND
SCIENTIFIC EXPLANATION 23

THE NATURE OF SCIENCE:

FURTHER EXPLORATION, 23
Science as a Human Institution, 23. Kinds of
Science, 25.



viii Contents

SCIENCE IN THE SERVICE OF MAN, 27
The Capacity of Science for Manipulating Experi-
ence, 27. The Success of Science, 28.

THE METHOD OF SCIENCE, 31
The Formulation of Hypotheses, 31. Observation
and Description, 32. Classification, 35. Hypo-
thesis Testing and Law, 38. Theory in Science,
42. Models, 45,

EXPLANATION IN SCIENCE, 48
The Deductive-Deterministic  Approach, 48.
Deductive-Probabilistic Explianation, 49. Genetic
Explanation, 50. Functional Explanation, 52.

SUGGESTIONS FOR FURTHER READING, 53
WORK MENTIONED, 53

CHAPTER 3
THE SCIENCE OF GEOGRAPHY 54

GEOGRAPHY AMONG THE SCIENCES, 54
The Data of Science and Questions about Them,
54. Locational and Spatial Questions, 56. Kinds
of Location, 59. Spatial Structure and Spatial
Process, 60.

TRADITIONAL GEOGRAPHICAL

QUESTIONS (250 B.C. TO ca. A.D. 1800), 61
Origins of Western Geography, 62. The Christian
West (A.D. 200-1400), 65. Medieval Muslim
Geography (A.D. 800-1200), 66. The Far East
(A.D. 200-1600) €69. The Age of European
Exploration and Discovery, 63. Modern Geography
{ca. 1800-1950), 70.

THE NEW SPATIAL CONTEXT, 72
The Nature of Relative Space, 72. Cartograms
and Maps of Non-absolute Space, 76.

TRADITIONAL GEOGRAPHICAL

QUESTIONS IN A NEW SPATIAL CONTEXT, 82
Locational Questions, 82. “What Is Where?” in
Relative Space, 84, Uniform and Nodal Regions, 85.

CONTEMPORARY

GEOGRAPHICAL QUESTIONS, 87

SUGGESTIONS FOR FURTHER READING, 88

WORKS CITED OR MENTIONED, 89

PART II Measurement, Relationship,
and Classification

CHAPTER 4

THE PROBLEM OF
MEASUREMENT AND SCALING 93

QUANTITY AND QUALITY, 83

WHAT 1S MEASUREMENT? S5
Binary and Nominal Measures, 95. The Ordinal
Scale, 37. The Interval and Ratio Scales, 100.

RULERS AND SURROGATES, 102

PROPERTIES AND PRIMITIVES, 106
Dimensional Analysis, 106.

SUGGESTIONS FOR FURTHER READING, 110
WORKS CITED OR MENTIONED, 110

CHAPTER S

STRUCTURING

GEOGRAPHIC RELATIONSHIPS 111

MEASUREMENT,

RELATIONSHIPS, AND EXPLANATION, 111
What Is a Relationship? 111, How Are Rela-
tionships Suspected? 112.

THE DESCRIPTION OF RELATIONSHIPS, 119
Fitting Lines to Points, 121. The Simple Linear
Equation, 124. Least Squares and the Minimi-
zation of Error Terms, 124. Finding the Parameters,
125. Measures of Variation and Covariation, 126.
Three Building Blocks, 127. Buckets of Variation
and Variable Sponges, 128. Assigning Residual
Variation to the Map, 130. A Further Look at the
Coetficent of Correlation, 130. Residual Analysis,
134,

SPATIAL TRENDS
AND REGULARITIES IN A REGION, 134

STAYING WITH LINEAR RELATIONSHIPS
FOR ESTIMATING PURPOSES, 137

EXPLORING WITH LINEAR RELATIONSHIPS, 141



MORE COMPLICATED RELATIONSHIPS, 142
Learning about the Local Area, 142. The Diffusion
of Radio and Television, 144.

COMBINING SPACE AND

TIME IN A NONLINEAR RELATIONSHIP, 145
SUGGESTIONS FOR FURTHER READING, 147
WORKS CITED OR MENTIONED, 148

CHAPTER 6

CLASSIFICATION 149

THE NEED FOR CLASSIFICATION, 149

HOW WE CLASSIFY, 151
Classification by Subdividing a Population, 152.
Classification by Grouping Similar Observations,
155. Numerical Taxonomy, 158. Multivariate
Classification, 163. Classification with Several
Somewhat Redundant Variables, 166. The Con-
struction of a Multifactor Taxonomy, 169.

CLASSIFICATIONS IN ACTION, 170
Classifying Households, Housing Units, and Urban
Census Tracts, 170. Classifying Weather Stations
and Defining Climatic Types, 178. Classification
and Regionalization, 182.

SUGGESTIONS FOR FURTHER READING, 188

WORKS CITED OR MENTIONED, 189

PART III Location and
Spatial Interaction

CHAPTER 7

THE BASES FOR
SPATIAL INTERACTION 193

TRANSPORTATION DEVELOPMENT, 193
Complementarity, 193. Intervening Opportunity,
194. Transferability, 194.

Contents ix

WHY THINGS MOVE

OVER THE EARTH'S SURFACE, 196
Why Do People Move? 196. Movement of Goods
and Services, 198. Information Flows, 189,
Information Production and Consumption, 199.

VARIETIES OF URBAN COMPLEMENTARITY, 201
Specialized Places and Economic Base Studies, 202.
Specialized Activities and Input-Qutput Analysis,
204. A two-sector regional economy, 205. Mea-
suring the impact of change, 206. A five-sector
economy, 207. Specialized Activity Places: Inter-
regional Input-Output Analysis, 208.

THE METROPOLIS:

AN EXAMPLE OF SPECIALIZED ACTIVITY

PLACES AND INTERACTION POTENTIAL, 209
Trips and Travel, 211. Trip Generation by Tract
Density, 214, Trip Generation by Population Char-
acteristics, 214. Trip Generation by Activity, 215.

THE POTENTIAL MODEL, 216
Constructing a Potential Surface, 217. Alterna-
tive Definitions of Mass and Distance, 218. Appli-
cations of the Potential Model, 219.

THE GRAVITY MODEL, 221
Fitting Commodity Shipment Data into the Gravity
Model, 224, Fitting Migration Data into the
Gravity Model, 227. Barrier Effects of Social
Distance, 230.

SUMMARY AND CONCLUSIONS, 233
SUGGESTIONS FOR FURTHER READING, 233
WORKS CITED OR MENTIONED, 234

CHAPTER 8

MOVEMENT AND

TRANSPORT SYSTEMS 236

WHY THINGS MOVE, 236
Why Things Move versus How They Move, 236.
The Reason We Study Why Things Move, 238.

MOVEMENT GEOMETRY, 238
Movements from Single Points to Single Points
(Class 1), 240. Movements from Single Points
to Points Located along Lines (Class 2), 241.
Movements from Single Points to Points Located in
Areas (Class 3), 242, Movements from Single



x Contents

Points to Many Points in a Volume (Class 4), 245.
Movements from Points on Lines to Single Points
(Class 5), 246. Movements from Points along
One Line to Points on Another Line (Class 6),
247. Movements from Points along Lines to Points
in Areas (Class 7), 248. Movements from Points
along Lines to Points in Volumes (Class 8), 249,
Movements to a Single Point from Scattered Points
in an Area (Class 9), 250. Other Movements
from Areas (Classes 10 to 12), 251. Movements
from Points in Volumes (Classes 13 to 16), 252.
Movement Dimensions: A Basic Spatial Viewpoint,
252. Effects of Movement Time and Other Move-
ment Costs, 253.

ANALYSIS OF NETWORKS AND FLOWS, 255
Graphs to Represent Networks, 256. A Matrix
to Represent a Graph, 258. Matrix and Graph
Connectivity, 2569. How to Analyze Linkages and
Moves in a Network, 261. A Hierarchy of Places
in a Network, 263. The Growth of Cities on Trans-
port Networks : An Application of Matrix and Graph
ldeas, 266. Flow Rates, Service Capacities, and
the Problem of Queues, 268.

NETWORK DESIGN

AND NETWORK PERFORMANCE, 272
Costs and Benefits in Path Design, 274. The Travel-
ing Salesman Problem, 276. Other Minimum Dis-
tance Networks, 278. Defining and Identifying the
Best Path in a Network, 279. Establishing the Best
Path on lrregular Surfaces, 280. Other Imegular
Surfaces and Isochrones, 283. Trees, 285.

MOVEMENT, TRANSPORT

SYSTEMS, AND TRANSPORT GAPS, 289
New Transport Systems for New Transport Problems,
289. Obsolete Systems, Transport Psychology,
and Transport Gaps, 294.

SUGGESTIONS FOR FURTHER READING, 297
WORKS CITED OR MENTIONED, 297

CHAPTER 9

LOCATING HUMAN ACTIVITIES 298

THE LOCATION PROBLEM

AND THE PUBLIC INTEREST, 298
Costs, Revenues, and the Economics of the Firm,
299, Public Welfare Considerations about the
Location Problem Today, 301.

LOCATION THEORY

VERSUS LOCATION PRACTICE, 304
The Location Problem at Each Stage of Economic
Development: Some Definitions, 306. Point Sellers
and Linear Markets, 309. Price Adjustments and
Profit Levels, 310. Market Shares When Sellers
Can Move, 311.

SOME TYPICAL POINT

AND LINE LOCATION PROBLEMS, 313
Locating Mail Collection Boxes and Mail Storage
Boxes, 313. Locating Housing Units along City
Streets in Different Eras, 315. Locating Billboards
along Highways, 317.

POINT-TO-POINT MOVES

AND FACTORY LOCATION, 319
Locating a Factory: One Input and One Market,
319. Terminal Costs and Transport Gradients,
320. Industrial Linkages, 323. Nonmonetary Costs
and Benefits and the Location of a Public Facility,
323.

KNOWLEDGE, RISK,

AND SUBOPTIMAL BEHAVIOR, 324
Making Locational Decisions under Conditions of
Uncertainty, 324, Types of Error in Location
Decisions, 326. Information Requirements in Lo-
cation Analysis, 327.

COMPLEX LOCATION PROBLEMS, 328
Isodapanes: Lines of Equal Aggregate Transport
Cost, 328. Mechanical Location Models, 330.
Minimum Transport Cost Geometric Solutions,
331. Location Costs, Location Benefits, and
Relocation, 332. Assigning Activities to Loca-
tions: The Resuiting Flows between Them, 334.

SUMMARY, 337
SUGGESTIONS FOR FURTHER READING, 338
WORKS CITED OR MENTIONED, 339

CHAPTER 10

LOCATION AND

THE USE OF LAND 340

AGRICULTURE IN AN URBANIZING WORLD, 340
A Classification of Agricultural Systems, 340. The
Influence of Situation, Site, and Human Behavior,
343,

LOCATION AND THE USE OF RURAL LAND, 346
Rural Land Use Patterns in the lIsolated State:
The Impact of Relative Location, 347, Effects on



Land Use Patterns of Changes in Revenues and
Costs, 349. Pennsylvania and the Whiskey Rebel-
lion, 351. Production Zones in the Fiji Islands,
352. Location and Mineral Resource Exploitation:
Von Thiinen in Three Dimensions, 353.

LAND USE PATTERNS INSIDE THE CITY, 354
Ceiling Rents and the Bidding Process, 355. Resi-
dential Land Use and Urban Transportation Eras,
357. Urban Transportation Improvements and
the Elimination of Locational Advantages, 359.

URBAN LOCATIONS IN A RURAL LANDSCAPE, 362
Central Places and the Distribution of Goods and
Services, 362. Threshold, Range, and the Order
of a Good or Service, 364. High-Order Goods and
Services and ltinerant Central Functions, 366.
The Marketing Principle and Lower-Order Central
Functions, 368. The Geographical Model of Central
Places, 370. Central Place Systems in the United
States, 372.

PATTERNS OF CHANGE
ON THE MODERN URBAN SCENE, 379

SUGGESTIONS FOR FURTHER READING, 384
WORKS CITED OR MENTIONED, 384

PART IV Spatial Diﬂ‘usion

Processes

CHAPTER 11

SPATIAL DIFFUSION :

MESHING SPACE AND TIME 389

THE DYNAMICS OF SPATIAL PATTERNS, 389
The Carriers ..., 390. ... and the Barriers, 397.

LEVELS, SCALES,

AND CONES OF RESOLUTION, 409
Diffusion at the Individual or Micro Level, 409.
Changing the Scale: Urban Aspects of Diffusion,
423. Another Change of Scale: Diffusion at the
Regional Level, 428. Diffusion at the National
and International Levels, 432. The Frontiers of
Diffusion Research, 450.

SUGGESTIONS FOR FURTHER READING, 450
WORKS CITED OR MENTIONED, 450

Contents xi

PART V Spatial Organization
and the Decision Process

CHAPTER 12

INDIVIDUAL SPATIAL DECISIONS

IN A NORMATIVE FRAMEWORK 455

DECISIONS ON THE LANDSCAPE, 455
The Normative Viewpoint, 456. Attitudes to Risk
and Uncertainty, 456. Normative Decisions to
Maximize Income, 458. Spatial Aspects of Many
Optimizing Decisions, 461. Normative Decisions
to Minimize Costs, 465. Moving from the Norma-
tive to the Descriptive, 465. Minimum Cost
Surfaces over Geographic Space, 466. Decisions
to Minimize the Cost of Distance, 469. Evaluating
Alternative Decisions, 471. Paying a Price for Loca-
tion, 474. Surfaces of Locational Penalties, 475.

THE THEORY OF GAMES

AS A CONCEPTUAL FRAMEWORK, 478
Strategies in a Game, 479. Choosing the Best
Strategies, 479. Mixing Strategies, 480. Choos-
ing Locations as Strategies in a Game, 481. Con-
solidating Farms in Areas of Flooding, 482. The
Spatial Assignment of Investment Decisions, 483,
Decisions against Nature and Other Men, 485,
Land Use Patterns as Strategy Decisions, 486.
Strategic Decisions and Locations: Coffee on
Kilimanjaro, 487. Learning about Nature and
Reducing Uncertainty, 488.

SUGGESTIONS FOR FURTHER READING, 489
WORKS CITED OR MENTIONED, 489

CHAPTER 13

INDIVIDUAL SPATIAL DECISIONS
IN A DESCRIPTIVE FRAMEWORK 491

SEARCHING IN A PROBABILISTIC WORLD, 491
Searching and Optimality, 492. Searching Space,
492, Searching and Swurvival, 494. Looking at
the World through the Model of Search, 499,
QOther Ways of Searching Space, 502.



xii Contents

SEARCHING AND LEARNING, 506

Learning under Conditions of Reinforcement,
508. Learning to Cooperate: Dogs in Spatial
Mangers, 510. Locational Decisions as Compro-
mise Resolutions to Conflicts, 612. Information,
Perception, and the Spatial Decision, 515. The
Flood as an Environmental Hazard, 515. The Per-
ception of Drought, 517. Mental Maps and
Residential Utility Surfaces, 519. The Formation
of Perception Surfaces, 523. The Spatial Assign-
ment of an Elite, 525. Perception Surfaces:
National and Local Parts, 525.

SUGGESTIONS FOR FURTHER READING, 530
WORKS CITED OR MENTIONED, 530

CHAPTER 14

THE QUESTION OF THE BEST
LOCATION: THE GEOGRAPHER'’S

UNSOLVED PROBLEM 531

THE LOCATION-ALLOCATION PROBLEM, 531
Optimizing under Conflicting Goals, 532. Global
and Local Solutions, 534.

SOME APPROACHES TO THE PROBLEM, 534
Special Medical Facilities in Sweden, 535. Hos-
pitals in Western Guatemala, 539. Administrative
Centers in Ontario, 543.

THE SOLUTION OF TORNQVIST, 546

LOCATIONS, ECONOMICS, AND POLITICS, 549
SUGGESTIONS FOR FURTHER READING, 550
WORKS CITED OR MENTIONED, 550

CHAPTER 15

THE GEOGRAPHY OF THE
FUTURE AND THE FUTURE
OF GEOGRAPHY 551
FUTURE SPATIAL ORGANIZATION, 552
The Trend toward Local Dispersion, 552. Cen-
tralization, 554, Centrifugal-Centripetal Trends and
the Location of Human Activity, 555,
PROBLEMS OF
FUTURE SPATIAL ORGANIZATION, 558
Short-Term Problems (the Next Fifteen Years),
558. Intermediate Range Problems (1985-2000),
562. Long-Term Problems (beyond the Year
2000), 564.
THE FUTURE OF GEOGRAPHY, 570
The Persistent Spatial Organization Theme, 570.
The Geography of the Future, 573.
SUGGESTIONS FOR FURTHER READING, 575

WORKS CITED OR MENTIONED, 576

INDEX 577



