Contents

ACKNOWLEDGEMENTS

INTRODUCTION

IL.

R. J. Chorley, Department of Geography, Cambridge University and
R. W. Kates, Graduate School of Geography, Clark University
1. ‘Physical’ and ‘human’ geography
2. Water as a focus of geographical interest
References

1. THE WORLD

THE WORLD HYDROLOGICAL CYCLE
R. G. Barry, Department of Geography, Southampton University
Present Affiliation: University of Colorado
. Global water and the components of the hydrological cycle
. Evaporation
. Atmospheric moisture
. Precipitation
. Water circulation in the atmosphere
. Water circulation in the lithosphere
. The global water balance
. Global water circulation in relation to the energy budget
. Climatic change and the global water budget
References

-t

© 0 U B W N

WORLD WATER INVENTORY AND CONTROL
R. L. Nace, U.S. Geological Survey

1. Significance of world inventory
2. Oceanic water
3. Water aloft
4- Rivers
A. Total discharge
B. Channel storage
5. Wide places in rivers
6. Inland seas

[= ¥

II

I
I3
13
18
18
21
24
25
26
28

31

31
33
33
33
34
35

37



[x] coNTENTS

IIL.

II.

II1.

=. Life fluid of the vegetable kingdom
8. Biological water
9. Unseen reservoirs
10. Global refrigeration system
11. Possibilities for control
References

WORLD EROSION AND SEDIMENTATION
D. R. Stoddart, Department of Geography, Cambridge University

1. Contemporary erosion: magnitude and patterns
2. Contemporary sedimentation
A. Deltas
B. Continental shelves and slopes
C. Deep ocean floor
3. Erosion and sedimentation in the geologic record
References

2. THE BASIN

THE BASIN HYDROLOGICAL CYCLE
Rosemary . More, Formerly of Department of Civil Engineering,
Imperial College, London University

1. Introduction

2. Natural analogues and hardware models

3. Synthetic systems

4. Partial systems and the ‘black box’
References

THE DRAINAGE BASIN AS THE FUNDAMENTAL GEOMORPHIC
UNIT
R. J. Chorley, Department of Geography, Cambridge University
1. Morphometric units
2. Linear aspects of the basin
3. Areal aspects of the basin
4. Relief aspects of the basin
5. Some considerations of scale
References

THE DRAINAGE BASIN AS AN HISTORICAL BASIS FOR
HUMAN ACTIVITY

C. T. Smith, Department of Geography, Cambridge University
1. The drainage basin as a unit of historical development

2. Irrigation and the unity of the drainage basin
References

43
51
51
55

59
61

67

67
70
71
73
75

77

101

101
107
110



1(i).

1(ii).

II.

IIL.

CONTENTS [xi]

3. PRECIPITATION

PRECIPITATION
R. G. Barry, Department of Geography, Southampton University
Present Affiliation: University of Colorado
1. General categories
2. The precipitation mechanism
3. Genetic types
A. ‘Convective type’ precipitation
B. ‘Cyclonic type’ precipitation
C. Orographic precipitation
4. Precipitation characteristics
A. Intensity
B. Frequency
C. Areal extent
5. Precipitation statistics
A. The average
B. Dispersion about the average
C. Relative variability
D. Probability
6. Dryness and wetness
=. Precipitation characteristics in different macroclimates
A. Annual totals and the annual regime
B. Diurnal regime
C. Frequency and intensity characteristics
References

THE ASSESSMENT OF PRECIPITATION
John C. Rodda, Institute of Hydrology, Wallingford

References

THE ROLE OF WATER IN ROCK DISINTEGRATION
R. ¥. Chorley, Department of Geography, Cambridge University
1. Some properties of water
2. Weathering of igneous minerals and rocks
3. Weathering of sedimentary rocks
4. The weathered mantle
References

THE INTERACTION OF PRECIPITATION AND MAN

R. ¥. Chorley, Department of Geography, Cambridge University and
Rosemary §. More, Formerly of Department of Civil Engineering,
Imperial College, London University

1. Man’s intervention in the hydrological cycle

2. Rain-making

113

113
114
114
115
115
115
117
117
118
118
119
119
119
120
122
122
123
123
125
126
128

130

134
135

135
138

145
151

155
157

157
159



[xii] CONTENTS

I

II.

ITI().

3.
4

Spray irrigation
Gambling with water
References

4. EVAPOTRANSPIRATION

EVAPORATION AND TRANSPIRATION

R. G. Barry, Department of Geography, Southampton University

Present Affiliation: University of Colorado

I.
. Plant factors

. Potential evapotranspiration
. Actual evaporation

. Meteorological formulae

V1 LN

Basic mechanisms of evaporation

A. Aerodynamic method
B. Energy budget method
C. Combination methods
D. Temperature formulae

. Evaporation measurement

A. Atmometers

B. Evaporation pans
C. Lysimeters

D. The ‘evapotron’

. Budget estimates

A. Catchment estimates
B. Aerological estimates

. Evaporation rates in different macroclimates
. The moisture balance and some applications

References

SOIL MOISTURE

M. A. Carson, Department of Geography, McGill University
L T v
2.

The nature of soil moisture
Soil moisture and denudation
References

WATER AND CROPS

Rosemary §. More, Formerly of the Department of Civil Engineering,

Imperial College, London University

I.

Plants and water

2. Plants as crops

3.

Trrigation

4. Drainage

5.
6. Interactions of irrigation, drainage, and water quality

Improvements in soil water quality

References

163
164
166

169

169
170
171
172
173
173
173
174
176
177
177
178
178
179
179
179
180
180
183
183

185

18 5
189
195

197

197
200
201
203
204
207
208



ITI(ii).

II.

I1T1.

CONTENTS [xiii]

PRIMITIVE IRRIGATION 209
Anne V. Kirkby, Centre of Latin American Studies, Cambridge
University

References 212

5. SURFACE RUNOFF

INFILTRATION, THROUGHFLOW, AND OVERLAND FLOW 21§
M. §. Kirkby, Department of Geography, Bristol University
1. Infiltration 215
2. Overland flow and throughflow 217
3. Areas contributing to stream flow 223
4. Summary : 226
References 226
EROSION BY WATER ON HILLSLOPES 229
M. J. Kirkby, Department of Geography, Bristol University
1. Surface and subsurface wash 229
2. Rill and gully erosion 231
3. Slope profiles and drainage texture 233
4. Factors influencing rates of erosion 234
5. Summary 237
References 238
OVERLAND FLOW AND MAN 239
M. A. Morgan, Department of Geography, Bristol University
I. Soil erosion 240
2. Rural drainage 243
3. Large-scale drainage schemes 247
4. Urban drainage 249
References 254

6. GROUND WATER

GROUND WATER 259

Y. P. Waltz, Department of Geology, Colorado State University

1. Definition of ground water 259

2. Occurrence of ground water 259
A. Porosity and permeability 259
B. Aquifers 261
C. The geologic framework: categories of earth materials 261
D. Stratigraphy, geologic structure, and topography 262
E. Confined (artesian) and unconfined ground water 264

3. Movement of ground water , 263

References ‘ - 267



[xiv] CONTENTS

II. THE GEOMORPHIC EFFECTS OF GROUND WATER 269
Paul W. Williams, Department of Biogeography and Geomorphology,
The Australian National University

1. Ground water in limestones 269
2. Topographic effects of ground-water solution 271
3. Ground-water solution and river basins 274
4. Surface features associated with subterranean streams 274
5. The quantitative analysis of karst landforms 277
6. Closed depressions 280
7. Conclusions 283
References 283
ITI. HUMAN USE OF GROUND WATER 283
R. L. Nace, U.S. Geological Survey
1. 'The fountains of the deep 285
2. Climate and ground-water recharge 286
3. Inherited ground water ' 286
4. Cyclic ground water 287
5. Management of ground water 288
6. Artificial recharge 290
7. Pollution 291
References 293
7. CHANNEL FLOW
I. OPEN CHANNEL FLOW 297
D. B. Simons, Department of Civil Engineering, Colorado State
University
1. Introduction 297
2. Properties of fluids 297
3. Types of flow 298
A. Laminar flow 298
B. Reynolds’ number 298
C. Froude number 299
D. Turbulent flow 300
4. Velocity distribution over rough beds 303
5. Velocity and discharge measurements 303
A. Current meters 303
B. Dye-dilution 304
C. Weirs 305
6. Hydraulic and energy gradients 306
7. Energy and head 307
8. Flow equations 308

9. Natural channels 310



II.

II1(3).

TTI(i).

CONTENTS [xv]

10. Forms of bed roughness and resistance to flow in alluvial

channels 311
11. Comparison of flume and field phenomena 313
12. Tractive force 315
13. Sediment transport 316
14. Summary 317
References 317
HYDRAULIC GEOMETRY 319
G. H. Dury, Department of Geography, University of Sydney
1. Interrelationships of discharge, velocity, depth, and width 319
2. Magnitude-frequency analysis of discharge 322
3. Interrelationships of slope, discharge, and velocity 325
4. Interrelationships of slope, width, depth, and bed material 326
5. Grade 327
6. Load in relation to material of the bed and banks 327
References 329
THE HUMAN USE OF OPEN CHANNELS 331
Robert P. Beckinsale, School of Geography, Oxford University
1. Flotability 331
2. Navigation 334
3. Domestic and industrial uses and the problem of open-
channel pollution 337
4- Open channels and freshwater fisheries 340
5. Open channels and the preservation of wild life 341
6. Social uses of open channels 342
References 343
RIVERS AS POLITICAL BOUNDARIES 344
Robert P. Beckinsale, School of Geography, Oxford University
1. Rivers as internal administrative boundaries 344
2. Rivers as international boundaries 344
3. Problems of international river boundaries 346
4. International boundaries across river channels 351
References 354
8. SNOW AND ICE
THE HYDROLOGY OF SNOW AND ICE 359
Melvin G. Marcus, Department of Geography, University of
Michigan
1. Introduction 359
2. Properties of snow and ice 359

A. Physical properties 360
B. Types of snow and ice 361



[xvi] CONTENTS

II(0).

TI(i).

I1I.

3. Distribution of snow and ice
4. Snow and ice as an input-output system
A. Glacier mass balance
B. Seasonal snow cover
References

THE GEOMORPHOLOGY AND MORPHOMETRY OF GLACIAL
AND NIVAL AREAS
Ian S. Evans, Department of Geography, Cambridge Um'vgrsity
1. Cirques ' ‘
2. Nivation
3. Glacial erosion
4. Streamlined and depositional forms
References

PERIGLACIAL MORPHOMETRY
Barbara A. Kennedy, Department of Geogmphy, Cambridge
University

1. Introduction
2. Individual landforms
A. Pingos
B. Ground-ice slumps
C. Oriented lakes
D. Ice-wedge polygons
E. ‘Naleds’ or ‘icings’
3. Valley-side features
A. Solifluction features
B. Nivation and snow-bank hollows
C. Asymmetrical valleys
References

THE ECONOMIC AND SOCIAL IMPLICATIONS OF SNOW
AND ICE

J. Rooney, Department of Geography, Southern Illinois University

1. Snow as a water-supply source

2. Recreation

3. The negative aspects of snow and ice
References

9. SHORT-TERM RUNOFF PATTERNS
THE FLOOD HYDROGRAPH

John C. Rodda, Institute of Hydrology, Wallingford
1. The hydrograph

361
361
363
367
367

369

369
374
375
378
379

381

381
383
383
383
385
385
385
385
385
387
387
388

389
389
390

392
400

405

405



IL.

IIL

CONTENTS [xvii]

2. Hydrograph shape and magnitude
3. Factors influencing the magnitude of the flood peak
A. Basin area
B. Basin shape
C. Basin elevation
D. Basin slope
E. The drainage network
F. Climatic factors
G. Vegetation and land use
H. Comprehensive formulae for estimating the flood peak
4. Model simulation of basin discharge characteristics
A. Coaxial correlation
B. The unit hydrograph hypothesis
C. Digital models
References

RELATION OF MORPHOMETRY TO RUNOFF FREQUENCY
G. H. Dury, Depariment of Geography, University of Sydney

1. Channel pattern

2. Floodplains

3. Meandering valleys
References

HUMAN RESPONSE TO FLOODS

W. R. Derrick Sewell, Department of Economics, University of

Victoria
1. Man’s affinity for floodplain occupance
2. Possible adjustments to floods
A, Accepting the loss
B. Public relief
C. Emergency action and rescheduling
D. Structural changes
E. Flood proofing
F. Regulation of land use
G. Flood insurance
H. Flood control
3. Limitations to the range of choice
4. The Lower Fraser Valley: A case study
A. The 1948 flood

406
408
499
409
410
410
410
411
411
412
413
413
415
417
418

419

419
425
427
430

431

431
432
433
433
433
435
430
436
438
438
440
442
443

B. Evolution of adjustment to floods in the Lower Fraser Valley 443

C. The Fraser River Board’s proposed scheme
D. The Fraser River experience in the wider context

References

445
449
451



[xviii]] CONTENTS

I.

II.

I1L.

ro. ANNUAL RUNOFF CHARACTERISTICS

RIVER REGIMES o
Robert P. Beckinsale, School of Geography, Oxford University

1. Factors controlling river regimes

A. Climate

B. Vegetation

C. Soils and rock structure

D. Basin morphometry and hydraulic geometry
2. Types of river regimes, or hydrological regions

A. Megathermal regimes (A)

B. Mesothermal regimes (C)

C. Microthermal regimes (D)

D. Mountain regimes

References

CLIMATIC GEOMORPHOLOGY
D. R. Stoddart, Department of Geography, Cambridge University
1. Reality of distinctive climatogenetic landforms

A. Surface duricrusts

B. Inselbergs

C. Pediments

D. Tors
2. Climatic controls of geomorphic significance
3. The problem of climatic change
4. Conclusion

References

HUMAN RESPONSES TO RIVER REGIMES

Robert P. Beckinsale, School of Geography, Oxford University
1. Flood control and streamflow routing

2. Trrigation

3. Water-power

4- Regional and inter-regional water-resource schemes
5. Inter-basin water transferences
References

11. LONG-TERM TRENDS

LONG-TERM PRECIPITATION TRENDS

R. G. Barry, Depariment of Geography, Southampton University
Present Affiliation: University of Colorado

1. The terminology of climatic change
2. Time series

455

455
456
457
457

457
460

462
465
466
468
470

473

473
475
475
476
476
477
482
483
484

487

487
491
498
505
507
508

513

513
513



II.

III.

CONTENTS [xix]

3. Changes during the historical period
4. Changes during the instrumental period
5. Causes of climatic change

References

GEOMORPHIC IMPLICATIONS OF CLIMATIC CHANGES
S. A. Schumm, Department of Geology, Colorado State University

1. Sediment movement
2. Changes in the channel system
References

LONG-TERM TRENDS IN WATER USE
M. Simons, Department of Education, University of Adelaide

1. The growing need for water
2. Geographical engineering
3. Water purification
4. Conclusion

References

12. CHOICE IN WATER USE

CHOICE IN WATER USE

T. O’ Riordan, Department of Geography, Simon Fraser University,
and Rosemary §. More, Formerly of the Department of Civil En-
gineering, Imperial College, London University

1. Traditional allocation
2. The need for modern allocation techniques
3. Economic and spatial problems in allocation techniques
4. Allocation techniques
A. Benefit—cost analysis
B. Systems analysis
. Institutional aspects of water-resource allocation
. Water-resource systems
References

SN

Index
Dorothy M. Beckinsale

516
518
520
522

525

525
528

533
535

535
536
541
543
543

547

547
548
550
553
553
558
563
566
572

575



