
Contents 

Remerciements v 

Abstract (English/Français)  

1 Introduction 1 

2 Forward models 5 

2.1 Problem definition 5 

2.2 Ice flow equations 6 

2.2.1 Stokes ice flow 7 

2.2.2 Shallowice flow 10 

2.3 Free surface equation 11 

2.3.1 Volume of fluid formulation 12 

2.3.2 Shallow ice formulation 13 

2.4 Surface mass-balance 14 

2.5 Conclusion 15 

3 Forward numerical models  
3.1 Methodology 17 

3.1.1 Stokes ice flow 17 

3.1.2 Shallowice flow 18 

3.2 Stokes ice flow 18 

3.2.1 Ice velocity computation 18 

3.2.2 Ice transport 20 

3.3 Shallow  flow 21 

3.4 Validation 24 

3.5 Conclusion 30 

4 Sensitivity analysis 31 
4.1 Changing parameters on a fixed geometry 32 

4.2 Influence of subglacial bumps on various geometries 35 

4.3 Conclusion 40 

 

Michel, Laurent 1984-
Estimating the ice thickness of mountain glaciers from surface topography ...
2013

digitalisiert durch
IDS Basel/Bern, im Auftrag der
Schweizerischen Nationalbibliothek



Contents 

5 Transient Inverse Method 43 
5.1 Parallel-sided slab estimation 44 
5.2 Stationary Inverse Method  
5.3 Quasi-stationary Inverse Method 49 

5.3.1 Two-dimensional formulation 49 
5.3.2 Three-dimensional formulation 50 

5.4 Transient Inverse Method 51 
5.5 Numerical results 53 

5.5.1 Stationary Inverse Method . 53 
5.5.2 Quasi-stationary Inverse Method 56 
5.5.3 Transient Inverse Method 61 

5.6 Sensitivity analysis 69 
5.6.1 Two-dimensional shallow ice flows 69 
5.6.2 Three-dimensional Stokes ice flows 70 

5.7 Application to real-world data 72 
5.7.1 Quasi-stationary Inverse Method 72 
5.7.2 Transient Inverse Method 73 

5.8 Conclusion 76 

6 Optimal control of the shallow ice model 79 
6.1 Two-dimensional description 80 
6.2 Three-dimensional formulation 85 

6.2.1 Basic algorithm 85 
6.2.2 Computation of model parameters from surface topography data 91 
6.2.3 Incorporation of velocity data 93 
6.2.4 Automatic differentiation 95 

6.3 Numerical results 97 
6.3.1  formulation 97 
6.3.2 Three-dimensional formulation 102 

6.4 Sensitivity analysis 110 
6.4.1 Two-dimensional algorithm 110 
6.4.2 Three-dimensional algorithm 112 

6.5 Application to real-world data 116 
6.6 Perspectives 117 
6.7 Conclusion 119 

7 Conclusion 121 

A Linear systems  the forward models 123 
A.1 Stokes ice flow 123 

 Shallow  flow 125 
 Two-dimensional schemes 125 

A.2.2 Three-dimensional schemes 126 

B Linear systems   dual problems 129 
 Two-dimensional formulation 129 

 Semi-implicit time discretization 129 
 Implicit time discretization 129 

B.2 Three-dimensional formulation 130 

 



Contents 

 Semi-implicit time discretization 130 

B.2.2 Implicit time discretization 130 

Bibliography 139 

  141 

 


	vtls001725845 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3



