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Module Outline
Ice, in all its forms, plays a critical role in the Earth’s 
Climate System from the equator to the Polar Regions. 
Recent observations point to rapid, possibly irreversible 
changes in the cryosphere which may lead to 
catastrophic changes for atmospheric, oceanographic 
and biological systems, regionally and globally. 

This course aims to examine the major issues within 
this diverse research area from a geographical 
perspective, and themes tackled will range from 
disappearing snow and ice and lessons from climates 
past, to Polar ecosystem adaptation and Polar societies 
in a changing world. 

What does this mean?
Reflects a revolution in both our understanding 
and recording changes within the cryosphere at 
this time of rapid change
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An introduction to the Cryosphere: 
What is it?

• Frozen water in all its forms
– But especially icy lumps bigger than those found in your 

drink!
– Although it has local or regional effects, it has global 

implications
• Climate change*
• Palaeoclimate*
• Hydrology
• Human history
• Biology and ecosystem adaptation
• Politics
• Polar societies in a changing world

– A real geographers subject! 



Earth; a unique planet?
Think carefully about these questions…by the end of this lecture you 

should have most of the answers!
• Why is Earth the only planet a where water can be in the form of

a liquid, gas and solid?
• What happens during evaporation or when ice is melted?
• How much of the Earth’s surface is covered in permanent ice?
• How much of the Earth’s Ocean is covered in ice?
• How much of the Earth’s surface is affected by  snow, permafrost 

or frozen ground?



Ice is a critical and amplifying 
component of the ECS, intrinsically 
linked to:

• Sea level?
• Surface albedo?
• CO2 ? 
• Ice sheet elevation?
• Ocean circulation?
• Landscape change?
• Vegetation change?

Earth; a unique planet?

Think about the mechanisms by which each of these components are related?



• Earth’s Climate System
– Contains energy and matter 

which can be exchanged 
between a system and its 
surroundings

• It is an open system
– Inputs
– Throughputs 
– Outputs

• Range of scales
– Global to atomic

• Associated by process
– The way in which matter or 

energy is transferred
– Maintains dynamic equilibrium

• ECS referred to as a black 
box system

Inputs Throughputs 
or processes Outputs

Earth; a unique planet?



• So we know what the cryosphere is, and we can account for it all
• But think; what are the response times of its components and why is this 

potentially very important?

Earth; a unique planet?
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The cyrosphere is made up of several key components, each with unique 
properties. In this course we will focus on the following two major components due 
the important roles they have within the ECS:

1. Sea Ice, focusing on the Arctic

2. Ice Sheets, focussing on Greenland and Antarctica



Earth; a unique planet?
Three big components of the Cryosphere. How much water do they lock up. 
This is referred to as Sea Water Equivalence (SWE), and measured in meters. 

•Greenland (7.3m SWE)

•Antarctica (56.6m SWE)

•Arctic (0m SWE): Explain why this is the case?



Glacier Classification
• Ice Sheets and Ice caps 

• Submerge the landscape at least in there central portions, and are unconstrained by topography to 
such an extent that ice flow is largely independent of undulations in the bed.

• Ice sheet >50000km2 ice cap anything less than this! Therefore Antarctica, Greenland, and the 
former ice masses of Northern Europe, Scandinavia and North America, Siberia and Barents Shelf 
are classed as Ice Sheets, where as all other classed as Ice Caps

• Being so large Ice sheets and some ice caps can directly affect the atmospheric systems by 
changing regional pressure and resultant precipitation fields

• Traditionally seen as having a slow response time



Glacier Classification

Ice caps and Ice domes

James Ross Island on the Antarctic Peninsula



• A small but critical component
• Fast response time
• A very ‘visible’ record of climate change

Mountain Glaciers

Rapid retreat of a glacial system recorded over a 5 year period



• Glaciers constrained by topography:
– Underlying morphology directly impact glacier 

shape and flow
– Flow is downhill!

• Ice fields
• Valley glaciers
• Cirque glaciers

Glacier Classification



Marine Glacier / Ice systems

– Ice Shelves
Created when the seaward extension of glaciers or 

ice streams to form floating tongues, that can 
be very extensive. E.g The Ronnie-Filchner / 
Ross Ice Sheves in Antarctica  

– Sea Ice
Formed by the direct freezing of  sea water. Can 

be seasonal (e.g. winter Antarctic sea ice 
extent) or in some cases can survive for 
multiple years (e.g. Arctic sea ice). Sea ice 
plays a critical role in climate dynamics effecting 
global heat budget and reflectivity (or albedo) 

Glacier Classification



• Marine ice Shelves
– Critical to ablation in polar 

settings
– Calving icebergs feed fresh 

water into the ocean

Glacier Classification

Ice sheet Cross section showing ice shelf 
formation

A large tabular iceberg with HMS 
Endurance for scale



• Sea Ice cover, is annually and seasonally highly variable, but very important for 
Earths Climate due to the effects of albedo and ocean atmosphere heat transfer

Glacier Classification

Ice bergs, and seasonal sea ice breaking up off 
James Ross Island, The Antarctic Peninsula with 



The course focuses on four critical components of 
The cryospheric system that have been central 
to recent changes in the way we view ice on 
Earth.

1. The Arctic: Trapped in the Ice The Tara and The Fram
2. Greenland: The runaway ice sheet
3. The Antarctic Peninsula: A canary in the coal mine?
4. The West Antarctic Ice Sheet: Why worry?

Lecture outlines



1.Trapped in the Ice: The Tara and 
The Fram

In 1893, Fridtjof Nansen's Arctic expedition in which 
Fram was supposed to freeze into the Arctic ice sheet 
and float with it over the North Pole. Recreated by the 
Damocles / Tara Project in 2006/7 which aimed to 
record the changing Arctic. Here we look at how we 
have recorded Arctic Sea Ice extent and how new 
techniques are providing unique insights

The Arctic Ocean plays a critical part in modern 
climate, both above and below the ice! This lecture 
focuses on how change has been recorded in the 
volume and extent of Arctic Sea Ice and why recent 
changes have such important implications



2. Greenland: The runaway ice 
sheet

Greenland’s continental ice Sheet extends 
over more than 20º of latitude and as such 
has massive variability in both precipitation 
and mean annual temperature. 

Recent observations have shown that parts 
of the ice sheet are thinning at a remarkable 
rate, contributing vast amounts of fresh 
water to the North Atlantic. This is critical to 
future models of sea level and climate 



3. The Antarctic Peninsula: A 
canary in a coal mine

Warming at rates faster than any where else 
on the continent, it was predicted even in the 
1970’s than The Peninsula would be the 
‘canary in the coal mine’ of global warming! 
Over the past decades we have recorded the 
loss of significant ice shelves that fringe the 
Peninsula. This has had significant effects on 
the Ice Sheet dynamics.

The Antarctic Peninsula; fringed by ice shelves feed 
by interior ice. In red are the ice shelves lost over the 
past two decades 



EAIS

As the only example of a marine 
based ice sheet on Earth, the West 
Antarctic Ice Sheet has been 
highlighted as a potential major 
tipping points in the Earth’s Climate 
System. 

EAIS
WAIS

4. The West Antarctic Ice Sheet: 
Why worry?


