
Contents
Preface....................................................................................................................... ix
Preface to the First Edition....................................................................................... xi
About the Author.................................................................................................... xiii

Chapter 1 Mathematical Tools................................................................................ 1

1.1 Vectors and Tensors..................................................................... 1
1.2 Stress and Strain.......................................................................... 8
1.3 Error Analysis............................................................................ 12
1.4 Parametric Uncertainty Analysis.............................................. 15
1.5 Calculating Strain Rates............................................................20

Chapter 2 Ice Deformation....................................................................................25

2.1 Creep of Glacier Ice...................................................................25
2.2 Constitutive Relation............................................................... 30
2.3 More about the Constitutive Relation......................................34
2.4 Fabric Effects in Glacier Ice.................................................... 38
2.5 Creep in Axially Symmetric Ice.............................................. 41

Chapter 3 Mechanics of Glacier Flow.................................................................. 45

3.1 Force Balance............................................................................45
3.2 Interpreting Force Balance...................................................... 51
3.3 The Force-Budget Technique.................................................. 55
3.4 Bridging Effects...................................................................... 57
3.5 Stokes Equation Applied to Glacier Flow...............................59
3.6 Creep Closure of Englacial Tunnels........................................ 63

Chapter 4 Modeling Glacier Flow........................................................................ 73

4.1 Introduction...............................................................................73
4.2 Lamellar Flow......................................................................... 76
4.3 Including Lateral Drag............................................................ 81
4.4 Glacier Flow Controlled by Lateral Drag................................86
4.5 Ice-Shelf Spreading................................................................. 89
4.6 Along-Flow Variations in Glacier Flow...................................95
4.7 Flow Near an Ice Divide.........................................................107



vi Contents

Chapter 5 Equilibrium Profiles of Glaciers..........................................................113

5.1 Perfect Plasticity.........................................................................113
5.2 Continuity Equation..................................................................119
5.3 Steady-State Profiles along a Flowline.................................... 123
5.4 Steady-State Profile of an Axisymmetric Ice Sheet............... 127
5.5 Steady-State Profile of a Free-Floating Ice Shelf................... 131
5.6 Flow Controlled by Lateral Drag.............................................136

Chapter 6 Glacier Thermodynamics......................................................................141

6.1 Conservation of Energy............................................................. 141
6.2 Steady-State Temperature Profiles...........................................145
6.3 Effect of Horizontal Heat Advection....................................... 150
6.4 Thermal Response of a Glacier to Changes in Climate....... 153
6.5 Radiation Balance at the Surface of a Glacier.........................158
6.6 Turbulent Heat Fluxes.............................................................. 164
6.7 Physical Properties of Firn....................................................... 169
6.8 Calculated Near-Surface Snow Temperatures at South

Pole Station.................................................................................173

Chapter 7 Subglacial Processes............................................................................. 181

7.1 Introductory Concepts...............................................................181
7.2 Sliding with Cavitation............................................................. 185
7.3 Glacier Flow over a Soft Bed.................................................... 193
7.4 Subglacial Hydraulics...............................................................202
7.5 Tunnel Drainage....................................................................... 206

Chapter 8 Fractures................................................................................................ 215

8.1 Surface Crevasses......................................................................215
8.2 Fracture Mechanics.................................................................. 220
8.3 Two-Dimensional Crevasse Propagation................................ 230
8.4 Basal Crevasses........................................................................ 241
8.5 Iceberg Calving........................................................................ 247

Chapter 9 Numerical Ice-Sheet Models................................................................257

9.1 Introductory Remarks................................................................257
9.2 Numerical Methods..................................................................260
9.3 Model Driven by Shear Stress Only........................................267
9.4 Flowband Model....................................................................... 275
9.5 Calculating the Temperature Field..........................................279
9.6 Geodynamics............................................................................ 283
9.7 Ice-Shelf Models....................................................................... 291



Contents vii

Chapter 10 Dynamics of Glaciers and Ice Sheets................................................301

10.1 Response to Changes in Surface Mass Balance.....................301
10.2 Response to Grounding Line Thinning................................. 308
10.3 Time-Dependent Similarity Solutions....................................313
10.4 Glacier Surges......................................................................... 321
10.5 Marine Instability....................................................................329

Chapter 11 Interpreting Observations................................................................. 341

11.1 Introductory Remarks....................................................   341
11.2 Locating Mechanical Controls..................................... .'.......343
11.3 Estimating the Role of Gradients in Longitudinal Stress......352
11.4 Estimating Resistance from Lateral Drag.............................. 358

References...............................................................................................................363

Index........................................................................................................................383


