








Chapter 1

Introduction

1.1 An overview of this study

The study begins by considering how glaciers work conceptually, why improvements in modelling

them are of interest, and how such improvements will be attempted within this study. Chapter 2

examines the processes that are involved in glaciers in more depth, previous attempts to model

them and their weaknesses, and closes by describing the equations involved in modelling the

dynamics and thermodynamics of glaciers. Discussion in chapter 3 focuses on the two main

parameterisations used: the degree-day scheme and the subgrid hypsometric scheme.

















Chapter 2

Ice-mass Modelling Theory

2.1 Accumulation versus Ablation

Precipitation onto an ice-mass may either land as snow/hail, or rain. The part that falls as

snow/hail, and the part of the rain that froze upon impact may survive a whole year to become

firn. It may remain in place and go through several further stages of compaction under subse-

quent layers of precipitation1, until it reaches the necessary pressure (830kgm−2) for its internal

crystals to align to become ice. Alternatively it may melt on the surface. This melt water, along

with the rain that did not freeze, may then evaporate or run-off; or it may soak into the snowfall

and refreeze. The accumulation in a given year comprises the part of the precipitation that did

not evaporate or run-off.
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Chapter 3

Model Parameterisation Schemes

Chapter 2 showed that inclusion of dynamics is important to improving the skill in modelling ice

masses. However, dynamical models have not been used in global glacier studies before. This is

because the climatological and topographic data required for a global model lacks the necessary

spatial resolution for individual glaciers.

This chapter examines the consequences of a lack of spatial resolution and illustrates a

method for improving this as well as explaining the degree-day scheme 3.2 that is used to

calculate the mass balance.

3.1 Nucleation within Ice Sheet Models

Inception means the development of any ice, from a blank starting field, whereas nucleation

refers to the early development of an ice mass; this could occur from nothing, but is more likely

to involve the evolution from small, existing glaciers.

Consider a glacier in balance, located in a region of high relief, and apply a climatic pertur-
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Chapter 4

Design of Experiments

There are two components to consider in designing the model runs: examining the data to be

used, and justifying the experiments to be run on those data.

4.1 The Input Data

The UBC ice sheet model requires, as a minimum, climate forcing, bed topography and initial

ice thickness. However since this study will be using inception runs (section 3.1) the













Chapter 5

Results

As explained in chapter 5 there are three classes of experiments considered in this study. The

results of the control experiments for the HadCM3 and CRU datasets are considered first as these

will be used as a benchmark in the other tests. Throughout this chapter figures are constructed

such that the HadCM3 run is shown in (a) and the CRU results in (b), unless otherwise noted.

5.1 Control Runs

The first consideration with the model is whether it develops a stable state. The totals of volume

for the two datasets are shown in Figures 5.1(a) and (b). The total global ice volume, inclusive

of the ice sheets is shown in 5.1(a).

The ice sheets take much longer to equilibrate with their climate because of their longer

timescale for dynamic adjustment (see section 1.4), and have much greater volumes. This

explains why the curves in Figure 5.1(a) show no sign of stabilising. The lack of Antarctica in

the CRU dataset partly explains why there is less total ice volume.

Figure 5.1(b) shows that in both runs glacier v



























Chapter 6

Conclusions

6.1 Summary

The key findings of this study can be summarised in seven points.

1. Inclusion of subgrid topographic detail is essential in order for an ice sheet model to be

able to reproduce glaciers on a global scale. The ability to model glaciers accurately with

ice sheet models should improve long-term predictions of their contribution to sea level

rise.

2. Marshall and Clarkes (2001) subgrid hypsometric parameterisation enables an ice sheet

model to reproduce realistic equilibrium states for glaciers. There is much interest in

the transient change over coming centuries, as it will be the change that we all feel, but

planning for the long-term future requires policy-makers to have an idea of what climate

we’ll be living in in the future. Whilst this model was not originally designed for modelling

equilibrium states, it has been shown to be useful in their consideration.

3. The model is sensitive to the climatology applied. Until HadCM3 or CRU is shown to be

the “better” model, there is low confidence in the magnitude of sea level rise predicted in

these tests, because of the large range.

4. Under a 4 xCO2 climate change scenario the model predicts that global glacier volume

will decrease by (2.1 x 10









Appendix B

Flowcharts

These flowcharts illustrate how particular parts of the core dynamics and thermodynamics are

solved.







Appendix C

Excel charts





Appendix D

Graphs of HadCM3 Projections of

Climate Change






