CONCEPTS AND
TECHNIQUES IN
URBAN ANALYSIS

‘Bola Ayeni

ROUTLEDGE LIBRARY EDITIONS:
URBAN STUDIES

R



ISBN 978-1-138-04764-8

T

47648




CONCEPTS AND TECHNIQUES IN URBAN

ANALYSIS
'‘Bola Ayeni




Concepts and Techniques in
Urban Analysis

‘Bola Ayeni

¥

CROOM HELM LONDON



® 1979 'Bola Ayeni
Croom Helm Ltd, 2—10 St John’s Road, London SW11

British Library Calaloguing in Publication Data

Ayeni, Bola
Concepts and techniques in urban
analysis. — (Croom Helm geography series).
1. Cities and towns — Mathematical models
2. Systems analysis
I.Title
301.36 HTI153

ISBN 0-85664-557-5
ISBN 0-85664-832-9 Pbk

Printed in Great Britain by offset lithography by
Billing & Sons Ltd, Guildford, London and Worcester



ROUTLEDGE LIBRARY EDITIONS:
URBAN STUDIES

Volume 3

CONCEPTS AND TECHNIQUES IN
URBAN ANALYSIS







CONCEPTS AND TECHNIQUES IN
URBAN ANALYSIS

"'BOLA AYENI

Taylor & Francis Group

E Routledge

LONDON AND NEW YORK



First published in 1979 by Croom Helm Ltd

This edition first published in 2018
by Routledge
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

and by Routledge
711 Third Avenue, New York. NY 10017

Routledge is an imprint of the Taylor & Francis Group, an informa business
© 1979 "Bola Ayeni

All rights reserved. No part of this book may be reprinted or reproduced or utilised
in any form or by any electronic, mechanical. or other means, now known or
hereafter invented, including photocopying and recording, or in any information
storage or retrieval system, without permission in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks or registered
trademarks, and are used only for identification and explanation without intent to
infringe.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-1-138-89482-2 (Set)

ISBN: 978-1-315-09987-3 (Set) (ebk)
ISBN: 978-1-138-04764-8 (Volume 3) (hbk)
ISBN: 978-1-315-10535-2 (Volume 3) (ebk)

Publisher’s Note
The publisher has gone to great lengths to ensure the quality of this reprint but
points out that some imperfections in the original copies may be apparent.

Disclaimer
The publisher has made every effort to trace copyright holders and would welcome
correspondence from those they have been unable to trace.



CONTENTS

List of Figures

List of Tables
Acknowledgements
Preface
Introduction

PART ONE Concepts and Methods in Urban Analysis

1.

v AW

The Nature of Cities

Urban Population

Urban Economic Activity

Spatial Interaction in the Urban System

The Location and Utilisation of Urban Services

Formal and Functional Spatial Organisation of the City

PART TWO Simulation Techniques in Urban Analysis

7.
8.
9.
10.
11.
12,
13.
14.

Simulation Modelling and the Urban System

Probability Models of Urban Analysis

Optimisation Models

Entropy Modelling

An Entropy-maximising Approach to Residential Modelling
A Model of Metropolis

Predictive Modelling of Urban Spatial Structure

Conclusion

Index

11
34
59
92
109
132

165
179
207
237
254
279
308
356

369



FIGURES

1.2.1
1.2.2a
1.2.2b
1.3.1
1.4.1
1.4.2a
1.4.2b
1.4.3

221
2.3.1

2.3.2

233

3.2.1

34.1
342

343
344

345

43.1

432

433

5.3:1
5322

The Concentric Theory of Urban Structure 13
The Sector Model of Urban Structure 13
The Multiple-nuclei Model of Urban Structure 13
Social Area Analysis, Broadly Defined 17
A Locus of Opportunities Surface 24
An Indifference Surface 25
Sections through an Indifference Surface 25
The Spatial Structure of Position Rents 29
Jos, Nigeria, Showing Major Areas of Growth 38
The Decline of Population Density with Distance from the
Centre of Chicago, Whole SMSA and Five Sectors, 1960 43
Density—Distance Graphs: The Chicago SMSA,

194066 44-5
Sketch Plots of the Function m (Ix|:a, b, c) 47
Minimum Requirements for 14 Industry Types, Based

on Regression Lines 63
Standard D—P Graph 81
Relationships between D, P and S in the Standard

D—P Graph 82
Industrial Zones of Lagos, Nigeria 83
Shift-share Analysis of the Lagos Economy, Using Value
Added by Manufacturing Activities 85
Shift-share Analysis of the Lagos Economy Using

Employment Figures 86
Distribution of Trip Ends by Distance Bands for the

Journey to Work, Jos, 1972 102
Distribution of Trip Ends by Distance Bands for the

Journey to Service Centres, Jos, 1972 103
Patterns of Interaction in Jos, 1972 106
The Study Areas in Jos, 1972 114
The Study Areas in Lagos, 1975 115



5.3.3

534

3.3.5

5.3.6

6.3.1
6.3.2
6.3.3
6.4.1

6.4.2
6.4.3
644
64.5
6.4.6
6.4.7
6.5.1

6.5.2
6.5.3

7.3.1

8.3.1

9.2.1
9:2.2
9.23

11.3:1
11.3.2

11.3.3

Patterns of Interaction of the Journey to Schools,
Jos, 1972

Patterns of Interaction of the Journey to Schools,
Lagos, 1975

Patterns of Interaction of the Journey to Recreational
Centres in Jos, 1972

Patterns of Interaction of the Journey to Recreational
Centres in Lagos, 1975

The Social Space of Jos

The Physical Size Space of Jos

The ‘Migrancy’ Component of Social Space

Functional Association of the Interaction Pattern of
White-collar Workers in Jos

Functional Association of the Interaction Pattern of
Blue-collar Workers in Jos

Aspects of the Functional Organisation of Recreational
Behaviour

Functional Regionalisation of Behaviour of Dwellers in
Sabon Gari

The ‘North of the City’ Functional Association

The Educational Dimension of Functional Association
The Service Component of Functional Organisation
Patterns of Scores on the First Canonical Variate
Patterns of Scores on the Second Canonical Variate
Patterns of Scores on the Third Canonical Variate

A View of the City as a System
Land-use Activities in Ikere-Ekiti, 1969

Graphical Solution of a Linear Programming Problem
Graphical Solution of the Primal Problem
Graphical Solution of the Dual Problem

Low-income Group: Observed and Predicted Populations
Middle-income Group: Observed and Predicted
Populations

Upper-income Group: Observed and Predicted
Populations

118

120

122

125

137
139
141
143
145
147
148
149
150
152
156

158
159

173

188

210
217
218

267

268

269



11.34 Low-income Group: Observed and Predicted

Distributions of Population 270
11.3.5 Middle-income Group: Observed and Predicted

Distributions of Population 271
11.3.6 Upper-income Group: Observed and Predicted

Distributions of Population 272
11.3.7 Travel Behaviour of the Low-income Group 273
11.3.8 Travel Behaviour of the Middle-income Group 274
11.3.9 Travel Behaviour of the Upper-income Group 275
12.2.1 The Solution System of the Model 284
12.3.1a,b,c

Observed and Predicted Populations, Lagos, 1975 291-3
12.3.2 The Distribution of Observed and Predicted

Populations: Low-income 294
12.3.3 The Distribution of Observed and Predicted

Populations: Middle-income Group 295
12.34 The Distribution of Observed and Predicted

Populations: Upper-income Group 296
12.3.5a;b,¢c

Observed and Predicted Employment, Lagos, 1975 299-301
12.3.6 The Distribution of Observed and Predicted

Employments: Low-income Group, Lagos, 1975 302
12.3.7 The Distribution of Observed and Predicted

Employments: Middle-income Group, Lagos, 1975 303
12.3.8 The Distribution of Observed and Predicted

Employments: Upper-income Group, Lagos, 1975 304
13.2.1 Interdependence of the Urban Spatial System 309
13.3.1 The Major Components of the Predictive Model 322
13.4.1 The Distribution of Population in Jos, 1975 329
13.4.2 The Pattern of the Journey to Work, Low-income

Group, Jos, 1975 330
13.4.3 The Pattern of the Journey to Work, Middle-income

Group, Jos, 1975 331
13.44 The Pattern of the Journey to Work, Upper-income

Group, Jos, 1975 332
13.4.5 The Distribution of Employment Opportunities in

Jos, 1975 334

13.4.7 The Population of the Journey to Work, Low-income
Group, Jos, 1980 338



13.4.8 The Pattern of the Journey to Work, Middle-income

Group, Jos, 1980 339
13.4.9 The Pattern of the Journey to Work, Upper-income

Group, Jos, 1980 340
13.4.10 The Distribution of Employment Opportunities in

Jos, 1980 342
13.4.11 The Alternative Distribution of Population in Jos, 1980 345
13.4.12 The Patterns of the Journey to Work, Low-income

Group, 1980, Alternative Predictions 347
13.4.13 The Patterns of the Journey to Work, Middle-income

Group, 1980, Alternative Predictions 348
13.4.14 The Patterns of the Journey to Work, Upper-income

Group, 1980, Alternative Predictions 349
13.4.15 The Alternative Distributions of Populations in Jos, 1980 351
14.2.1 A Cyclic View of the Planning Process 361
TABLES
1.3.1 Typology of Social Area Analysis 18—-19
2.2.1  Spatial Variation of Mean Household Characteristics

in Jos, 1972 37
2.3.1  The Decline of Population Density with Distance from the

Centre of Chicago, Whole SMSA and Five Sectors, 1960 42
24.1  The Population of Jos 1931—-63, Showing the Reproductory

and Migratory Components 56
3.2.1  Schematic Classification of an Economy into Basic and

Service Sectors 64
3.2.2  Basic and Non-basic Employment in Lagos (1975) and

Jos (1972) 65
3.3.1  An Input-output Table 70
34.1  Shift and Share Analysis of Industrial Change in Lagos,

1965—72; Value Added Criterion 84
3.4.2  Shift and Share Analysis of Industrial Change in Lagos,

1965—72; Employment Criterion 84
4.2.1 Household Trip Frequency by Wage Classes, Jos, 1972 94



4.2.2

423

42.4

425

4.2.6
43.1

5.3.1
.32
533
534
5.3
6.3.1
6.3.2
6.3.3
64.1
6.4.2
6.4.3
6.5.1
6.5.2
6.5.3
6.5.4

7.2.1

7.2.2
7.3.1

The Standard Analysis of Variance Table between Trip
Frequency and Income Groups in Jos

Trip-generating Frequencies of Households Headed by
Single and Married Heads

Order of Importance of the Predictor Variables of Trip
Generation at the Household Level

Zero-order Correlation Coefficients between the
Dependent and Independent Variables

Testing for Multicollinearity

Aggregate Distribution of Trip Ends in Jos

Population and Distribution of Primary Schools in
Jos, 1972

The Spatial Behaviour of Students over Selected Areas
of Jos, 1972

The Spatial Behaviour of Students over Selected Areas of

Lagos, 1975
The Spatial Behaviour of Youths on Recreational Trips
in Selected Areas of Jos, 1972

The Spatial Behaviour of Youths on Recreational Trips in

Selected Areas of Lagos, 1975

Dimensions of Formal Spatial Organisation
Rotated Factor Loadings on the Formal Spatial
Structure

Zonal Factor Scores on the Dimensions of Formal
Spatial Association

Dimensions of Functional Association

Rotated Factor Matrix of Functional Organisation
Factor Scores on the Dimensions of Functional
Organisation

Correlation Sub-matrix between the Dimensions of the
Formal and Functional Organisation

Canonical Correlations

Coefficients for Canonical Variables

Canonical Variate Scores

A Classification of Simulation Models Based on
Complexity and Predictability

The Range of Urban Models

The Components of a Metropolitan System

95

96

97

98

99
101
117
119
121
123
126
136
136
140
144
144
151
154
154

154
155

168
168
172



8.2.1
8.2.2
8.23
824
8.2.5
8.2.6
8.2.7
8.2.8
8.3.1

8.3.2
8.3.3
834
8.3.5
8.3.6
8.3.7

10.3.1
10.3.2

10.3.3

10.3.4
10.3.5

11.2.1
1122
11.2.3
11.2.4

11.2.5
11.3.1

11.3.2

12301

12.3.2
12.3.3

A Hypothetical Rent Gradient

Point Score Matrix

A Growth Probability Matrix

Upper Limiting Numbers of a Random Number Field
The Random Number Field

Allocation of the First Fifty Households

Allocation of the First One Hundred Households
Final Outcome of the Experiment

Some Factors Affecting the Location of Houses in
Ikere-Ekiti, 1969

Probability Surface for 1959 Simulation Pattern
Random Number Field for 1959 Simulation Pattern
Probability Matrix for 1969 Simulated Pattern

Random Number Field for 1969 Simulated Pattern
Size Classes of Housing Density
Size Classes and Accumulated Proportions

182
183
183
185
185
186
186
186

189
191
192
193

194
195

196

Journey to Work Interaction Matrix, Jos, 1972 (Samples) 245
Calibration Procedure of the Journey to Work — Residential

Location Model

Simulated Journey to Work Interaction Matrix
Structural Complexity of the Journey to Work System
Standardised Measures of the Structural Complexity
of the Journey to Work System

Classification of the Housing Stock in Jos

House ‘Prices’ by Zones of Residence in Jos
Employment by Wage Levels and by Workplace in Jos,
1972

Statistical Summary of the Income Structure of
Households

Out-of-pocket Transport Costs

Parameter Values of the Disaggregated Residential
Location Model at Full Calibration

Observed and Predicted Populations by Zones in Jos

Schematic Classification of the Lagos Metropolitan
Economy into Basic and Service Sectors

Summary of Trip Characteristics in Lagos, 1975
Calibration Statistics of the Model

247
248
249

250

259
261

262

263
263

265
265

288
288
290



12.34

12.3.5

12.3.6

13.4.1

13.4.2

13.4.3

13.4.4

1345

13.4.6
134.7

134.8

14.2.1

Correlation Coefficients and Coefficients of
Determination for Predicted and Observed Distributions
of Population and Employment in Lagos, 1975
Observed and Predicted Distribution of Population in
Lagos, 1975

Observed and Predicted Employment Distribution in
Lagos, 1975

The Parameters of the Model

Spatial Behaviour for the Journey to Work: Mean Trip
Lengths (1975 Predictions for Jos)

Spatial Behaviour for the Journey to Services: Mean Trip
Lengths (1975 Predictions for Jos)

Spatial Behaviour for the Journey to Work: Mean Trip
Lengths (1980 Predictions)

Spatial Behaviour for the Journey to Service Centres:
Mean Trip Lengths (1980 Predictions)

Zonal Mean Trip Lengths (km) for 1980

Spatial Behaviour of the Journey to Work: Mean Trip
Lengths for 1980, Localised Growth

Spatial Behaviour for the Journey to Service Centres:
Mean Trip Lengths for 1980, Localised Growth

Modes of Planning

293

297

298

326

333

333

341

343
350

352

353

359



