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The landscapes covered in this topic may be collectively referred to as 
cold environments. They have all been affected, over considerable 
periods of time, by sub-zero temperatures and associated glacial and 
periglacial processes. The topic takes into account not only those parts of 
the world currently experiencing these processes but also locations that 
have been glaciated and periglaciated in the past.

Past and present distributions 
of glacial and periglacial 
environments

Exam tip

You	need	to	be	aware	of	the	distinction	between	areas	that	are	
currently	undergoing	glaciation	or	periglaciation	and	those	areas	that	
have	experienced	those	conditions	in	the	past	but	no	longer	do	so.

Causes of climate change

Climatic oscillations
The Quaternary period in which we live is divided into two geological 
epochs:
●● The Pleistocene: from the beginning of the Quaternary to 11,500 years 
ago when the most recent continental glaciation ended.

●● The Holocene: the interglacial period of today.

During the Pleistocene, the Earth’s climate f luctuated between colder and 
warmer conditions – between ice-house and greenhouse conditions. 
The ice-house or glacial phases have left evidence of erosional and 
depositional features created by glaciers, ice sheets and their meltwaters. 
However, the landforms created by one glacial phase have usually been 
reworked, reshaped and even destroyed by later glacial phases. Today, the 
features produced by the most recent glacial phases are being modified by 
post-glacial processes.

Causes of short-term climatic oscillations 
Long-term changes in the Earth’s orbit around the Sun are currently seen 
as the primary causes of the oscillations between glacial and non-glacial 
conditions. The Milankovitch theory attributes the oscillations to three 
main characteristics of the Earth’s orbit:
●● Eccentricity: the orbit changes from elliptical to circular and back over 
a period of around 100,000 years.

2  Landscape systems, 
processes and change

Option A Glaciated landscapes and change Glaciation:	The	modification	
of	landscapes	while	covered	
by	ice	sheets	or	glaciers.

Periglaciation:	The	
modification	of	landscapes	
located	adjacent	to	the	
margins	of	glaciers	and	ice	
sheets.
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●● Axis tilt: this varies between 21.8° and 24.4° over a period of around 
41,000 years.

●● Wobble: like a spinning top, the Earth wobbles on its axis and this 
changes the distance from the Sun over a 21,000-year cycle.

These three different orbital cycles can combine to minimise the amount 
of solar energy reaching the northern hemisphere. When this happens, 
the climate cools and ice-house conditions return.

Evidence indicates that even within glacial and non-glacial periods, there 
are short-term f luctuations with frequent warming (interstadials) and 
cooling periods (stadials). Two main factors are thought to be responsible 
for these oscillations:
●● f luctuations in the amount of energy emitted by the Sun (related to 
sunspot activity)

●● volcanic activity – eruptions with a high explosively index (VEI) 
eject huge volumes of ash, sulphur dioxide, carbon dioxide and water 
vapour into the atmosphere. These ejected substances are distributed 
around the globe by high-level winds. It is thought that such eruptions 
can reduce the amount of solar energy reaching the Earth.

British examples of these short-term oscillations in climate are the Loch 
Lomond Stadial (between 12,500 and 11,500 years ago) and the Little Ice 
Age (between 1550 and 1750).

Now test yourself
1	 What	is	the	difference	between	the	causes	of	long-term	and	short-term	climate	change?

Answer on p. 215

Present and past distributions of ice cover

Key concept
Cryosphere	refers	to	those	parts	of	the	Earth’s	crust	and	atmosphere	
subject	to	temperatures	below	0°C	for	at	least	part	of	each	year.	So	
this	means	ice	sheets	and	glaciers,	together	with	sea	and	lake	ice,	
ground	ice	(permafrost)	and	snow	cover.	

Ice masses can be classified by their morphological characteristics, size 
and location:
●● Ice sheet: complete submergence of topography beneath ice up to 
several kilometres deep.

●● Ice cap: a smaller version of ice sheet burying upland topography.
●● Ice field: not thick enough to bury an upland area.
●● Valley glacier: a glacier confined within valley walls.
●● Piedmont glacier: a valley glacier which spreads out beyond the 
valley end.

●● Cirque glacier: a glacier occupying a hollow on a mountain side.
●● Ice shelf: a large area of f loating glacier ice extending beyond the coast.

Revision activity

Just	be	aware	of	these	three	
characteristics.	It	is	not	
necessary	to	understand	the	
physics	behind	them.

Typical mistake

Do	not	think	that	global	
warming	is	a	recent	
phenomenon	for	which	
people	are	responsible.	The	
history	of	the	Earth	has	been	
one	of	recurring	warming	
and	cooling.	
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Key concept
In	terms	of	glacier	behaviour	and	impact	on	the	landscape,	an	important	distinction	is	made	between	
warm-based	and	cold-based glaciers:
●● Warm-based	glaciers, also	known	as	‘wet’	glaciers,	occur	in	high-altitude	areas	outside	the	polar	

region.	From	the	surface	to	the	base,	temperatures	are	close	to	0°C.	During	the	summer	they	generate	
large	amounts	of	meltwater,	which	acts	as	a	lubricant,	allowing	the	glacier	ice	to	slide	over	the	bedrock.	

●● Cold-based	glaciers,	also	known	as	‘polar’	glaciers,	occur	in	high	latitudes,	particularly	in	Antarctica	
and	Greenland.	Temperatures	are	well	below	freezing,	so	there	is	no	basal	sliding.

The	significance	of	this	distinction	will	be	made	evident	in	the	sections	‘Glacier	systems’	and	‘Glacial	
landforms	and	landscapes’	(pages	31–37).

Table 2.1 Estimates of present and past global ice cover 

Region
Present area (estimated 
thousand km²)

Past area (estimated 
thousand km²) Reduction in ice cover (%)

Antarctica 1350 1450 6.9

Greenland 180 235 31.9

Arctic	Basin 32 1600 98.0

Andes 3 88 96.6

European	Alps 0.4 4 90.0

Scandinavia 0.4 660 99.9

Asia 12 390 95.4

Rest	of	the	world 0.2 104 99.8

TOTAL 1578 4531 65.2

Table 2.1 shows that the global ice cover today is one-third of what it was 
in the Pleistocene. Outside Antarctica and Greenland, the contraction 
has been so great that ice cover has almost disappeared. This applies 
particularly to the great mountain ranges, such as the Alps, Andes and 
Himalayas. 

About 85 per cent of current ice cover is located in Antarctica. Next, but 
a long way back, comes Greenland, which accounts for just over 10 per 
cent. A number of factors inf luence the distribution of ice cover. The two 
most important are latitude and altitude. Other more local factors include 
aspect and relief.

Now test yourself
2	 Why	has	there	been	such	a	great	reduction	in	the	ice	cover	of	the	major	mountain	ranges?	
3	 How	does	aspect	affect	the	distribution	of	ice	cover?	

Answers on p. 215

Periglacial processes and their landforms 
and landscapes
A key feature of periglacial areas is the climate:
●● daily temperatures below freezing for at least nine months
●● low precipitation – less than 600 mm per year
●● frequent cycles of freezing and thawing
●● intense frosts throughout the year.

Typical mistake

The	data	in	Table	2.1	relate	
to	the	area	covered	by	
ice	–	they	do	not	take	into	
account	the	thickness	of	ice	
cover.	In	this	respect,	the	
volumes	of	the	Antarctic	and	
Greenland	ice	sheets	may	
have	suffered	much	higher	
percentage	losses.	

9781471886744.indb   28 4/19/17   4:31 PM

Copyright: Sample material



29

2	
La

nd
sc

ap
e	

sy
st

em
s,

	p
ro

ce
ss

es
	a

nd
	c

ha
ng

e

Edexcel AS/A-level Geography 

This climate means that the ground surface is frozen for much of the 
year. Indeed, the ground below the surface layer is permanently frozen 
(permafrost). The extent of the permafrost is usually taken as indicating 
the distribution of periglacial environments.

Key concept
Permafrost	is	soil	and	rock	that	remain	frozen	as	long	as	
temperatures	do	not	exceed	0°C	in	the	summer	months	for	at	least	
two	years.	Three	types	of	permafrost	are	recognised:
●● continuous:	occurs	in	the	coldest	areas	of	the	world	where	mean	

annual	air	temperatures	are	−6°C;	it	can	be	hundreds	of	metres	
deep

●● discontinuous:	is	more	fragmented	and	less	deep
●● sporadic:	occurs	at	the	margins	of	periglacial	areas	and	is	usually	

fragmented	and	very	thin.

In summer, overlying snow and ice melt away to produce a seasonally 
unfrozen zone above the permafrost called the active layer. This may 
vary in thickness from a few centimetres to as much as 3 metres.

Because of the global distribution of land, most permafrost areas are 
found in the Northern hemisphere around the Arctic Ocean. Figure 2.1 
shows the distribution of permafrost around the world currently.
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Figure 2.1 Present distribution of permafrost
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Periglacial processes
The distinctive climate means that periglacial areas are distinguished by a 
particular variety of landform processes:
●● Freeze–thaw weathering: the shattering of rock as a result of water in 
its joints and pores freezing and expanding. Particularly active when 
temperatures f luctuate around freezing point.

●● Frost heave: the upward movement of rock or soil particles as a result 
of the pressures generated by the formation of ice segregations in 
the ground.

●● Nivation: sometimes known as snow-patch erosion, occurs when both 
weathering and erosion take place around and beneath a snow patch.

●● Solif luction: the mass movement of the active layer downslope.
●● Wind action: the lack of vegetation cover due to the low temperature 
plus the prevailing aridity mean there are plenty of opportunities 
for the strong wind to pick up and transport fine sediment. When 
deposited this is known as loess.

●● Meltwater action: this takes place during the short summer period 
only, when temperatures are above freezing.

Periglacial landforms
The distinctive mix of processes is responsible for the creation of often 
unique periglacial landforms (Figure 2.2):
●● Ground ice features: mostly caused by frost heaving and include ice-
wedge polygons, patterned ground and pingos.

●● Frost-shattering features: mostly caused by freeze–thaw and include 
block fields, scree slopes, rock glaciers and tors. 

●● Mass-movement features: mostly formed by the downslope movement 
of weathered materials and include asymmetric valleys and solif luction 
terraces.

●● Wind action: loess plains.
●● Meltwater action: braided streams.

Although periglacial conditions no longer prevail in the UK, relict 
periglacial features are still to be found. Most have been subject to 
modification by the processes of a warmer climate.

Active layer 

Tor
Nivation hollow

Blockfield
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Scree
(talus) Downslope 

movement of
particles

Stone polygons
and stripes lobe

Debris
fan

Pingo
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Seasonal streamSolifluction

Bedrock

Permafrost 

Permafrost 

Figure 2.2 Periglacial landforms

Now test yourself
4	 What	are	the	distinctive	features	of	periglacial	environments?

Answer on p. 215

Exam tip

It	is	helpful	to	classify	all	
the	distinctive	periglacial	
landforms	under	the	five	
headings	listed	here.

Revision activity

Check	that	you	have	brief	
notes	about	the	periglacial	
processes	and	at	least	one	
landform	associated	with	
each	process.	
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Glacier systems
Mass balance

Key concept
A	systems view	of	glaciers	is	helpful	in	understanding	how	they	
behave.	A	glacier	system	is	made	up	of	three	components:
●● inputs:	precipitation,	rock	debris,	energy	(kinetic	and	solar)
●● processes	or	throughputs:	ice	movement,	erosion,	transport,	

deposition
●● outputs:	debris,	meltwater,	calving.

The glacier system has two zones:
●● accumulation zone of direct snowfall, precipitation and debris 
avalanching from slopes above the glacier 

●● ablation zone, where there is a loss in the amount of ice as a result of 
melting, evaporation (sublimation), the calving of icebergs and ice 
blocks and the deposition of rock debris.

Now test yourself
5	 What	is	the	mass	balance	of	a	glacier?

Answer on p. 216

The most critical feature of the glacier system is its mass balance, 
the balance between the inputs and the outputs (Figure 2.3). Where 
accumulation is greater than ablation (inputs exceed outputs), a zone 
of excess will form and the mass balance will be positive. The glacier 
will grow. When the situation is reversed, with ablation greater than 
accumulation (output exceeding inputs), a zone of deficiency will form 
and the mass balance will be negative. The glacier will shrink.
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• Erosion
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Avalanches Inputs
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Figure 2.3 Glacier mass balance

9781471886744.indb   31 4/19/17   4:31 PM

Copyright: Sample material



32

2	
La

nd
sc

ap
e	

sy
st

em
s,

	p
ro

ce
ss

es
	a

nd
	c

ha
ng

e

Exam practice answers and quick quizzes at www.hoddereducation.co.uk/myrevisionnotes

The mass balances of glaciers vary over different time scales because of 
variations in the rates of accumulation and ablation. Figure 2.4 shows 
how the mass balance varies during the course of a year. The same 
principles apply when dealing with f luctuating mass balances on longer 
time scales, as between stadials and interstadials, or between glacials 
and interglacials.

Winter
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Summer
balance

Autumn AutumnWinter Spring Summer

Accumulation
curve

Key

Ablation curve

Increasing
volume of

store

Volume
(water

equivalent)

Net accumulation Net ablation

Minimum
mass

Minimum
mass

Balance year

Figure 2.4 Annual mass balance of a typical glacier

Now test yourself
6	 Is	the	glacier	a	closed	or	an	open	system,	and	what	are	its	components?

Answer on p. 216

Key concept
Glacier feedback	comprises	those	effects	that	can	either	amplify	
a	small	change	and	make	it	larger	(positive	feedback)	or	diminish	
the	change	and	make	it	smaller	(negative	feedback).	An	example	
of	positive	feedback	in	a	glacier	occurs	when	there	is	an	increase	in	
meltwater	at	the	base	of	the	glacier.	This	will	accelerate	basal	sliding.	
This	in	turn	will	generate	more	heat	from	friction,	thus	releasing	more	
meltwater	and	promoting	faster	sliding.

Exam tip

It	is	recommended	that	
you	have	some	information	
about	fluctuating	glaciers,	
as	for	example	glaciers	in	
South	Georgia,	the	Alps	or	
the	Rockies.

Now test yourself
7	 Explain	how	altitude	affects	glacier	movement.

Answer on p. 216

Glacial movement
When it comes to glacier movement, the earlier distinction between 
warm-based (temperate) and cold-based (polar) glaciers becomes 
significant. 

Warm-based glaciers move much faster than cold-based ones because of:
●● the imbalance between accumulation and ablation, with the former 
being greater than the latter

●● the availability of summer meltwater acting as a lubricant to encourage 
basal sliding

Stadials and interstadials:	
Short-term	fluctuations	within	
glacial	periods.	Stadials	are	
colder	phases	that	lead	to	ice	
advances,	while	interstadials	
are	slightly	warmer	phases	
during	which	ice	sheets	and	
glaciers	retreat.

Basal sliding:	Occurs	where	
ice	temperatures	are	at	
or	close	to	0°C	and	a	layer	
of	basal	meltwater	forms	
between	the	ice	and	the	
bedrock.
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●● regelation slipping
●● internal deformation of the basal ice.

Exam tip

Glacier	movement	is	very	dependent	on	the	thawing	of	ice	to	provide	
meltwater,	which	acts	as	a	lubricant	between	the	glacier	ice	and	the	
bedrock.

The rate of glacier movement is also controlled by other factors:
●● Altitude: affects temperatures (decrease with altitude and therefore reduce 
speed of movement) and precipitation inputs (snow rather than rain).

●● Slope: the steeper the slope, the faster the velocity.
●● Lithology: friction with hard, resistant rock will tend to restrain 
movement at the base and sides of the glacier.

●● Size: the greater the glacier mass, the greater the potential velocity.
●● Mass balance: the nature of this will determine not just the velocity but 
also whether the glacier is retreating or advancing.

Because temperate glaciers are more mobile, they are capable of much 
more erosion, transportation and deposition than polar glaciers. 

It is important to understand that rates of movement vary within the 
individual glacier, both laterally and vertically. The critical factor is 
friction between the glacier ice and the valley f loor and sides. As a 
consequence, the part of the glacier moving fastest is its surface in the 
middle of the valley (Figure 2.5).

(a) Surface velocity of a glacier (b) Changes in velocity with depth
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Figure 2.5 Glacier velocities

The glacier landform system

Glacier processes
Glaciers alter landscapes and produce distinctive landforms by a number 
of processes.

Erosion is principally by abrasion (the scraping, scouring, rubbing and 
grinding action of debris being carried along by the glacier) and plucking 
(whereby the glacier freezes around rocks on the valley sides and f loor, 
which are then pulled away by the movement of the glacier). A crucial 
aspect is entrainment, which is the incorporation of debris onto and into 
the glacier from subglacial and supraglacial sources.

Regelation:	Occurs	where	
basal	ice	is	forced	against	
a	rock	obstacle;	it	melts	
and	then	refreezes	on	the	
down-glacier	side.	The	
temporary	meltwater	acts	
as	a	lubricant.

Internal deformation:	A	
plastic-like	quality	caused	
when,	under	pressure,	
ice	crystals	move	slightly	
relative	to	each	other.
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