






























Key	Ideas	to	consider
THEORY	AND	EXPLANATION	-	What	is	he	talking	about	and	why?	
PLACES	and	CASE	STUDIES	-	Where	is	he	talking	about	and	why?	
KEY	PLAYERS	-	How	is	he	talking	about	and	why?	
ACTIONS	-	What	is	happening	and	why?	
FUTURES	-	How	much	of	this	is	fact	and	how	much	is	prediction?



Chronology	of	
Glaciation

–Today glaciers cover 10% of the 
earth’s surface 
– Ice Ages occur – roughly every 
200-250 million years. 

–The last Ice Age was known as 
the Pleistocene glaciation.
• Was part of the Quaternary Era 
• Began about 2 million years ago 
till10,000 years BP when glaciers 
retreated from Britain 
• Covered approx 30% of the 
earths surface was covered and 
as far south in Britain as Bristol 
Channel and Norfolk.

– We are now in an inter-glacial 
– where ice still covers parts of 
the earth’s surface but has 
retreated to polar areas.

–There was a mini Ice Age 
between 1750 – 1850 – frost fairs!





Ice	Ages	and	Glacial	activity	
An	Ice	Age	is	a	period	of	long-term	reduction	in	the	Earth’s	surface.	During	an	ice	age	
there	is	the	presence	or	expansion	of	continental	and	polar	ice	sheets	and	alpine	
glaciers.		

Every	200	to	250	million	years	in	earth’s	history	there	have	been	major	periods	of	
glacial	activity,	the	last	one	being	the	Quaternary	Ice	Age	with	ice	spreading	from	the	
polar	ice	caps	into	North	America	and	Northern	Europe.	

During	an	ice-age	there	are:	

1.Glacials	–	these	are	periods	of	very	cold	and	dry	climate	during	which	large	land	and	
sea	ice	masses	grow	and	valley	glaciers	extend	to	lower	levels.	The	last	glacial	ended	
over	10,000	years	ago.	

2.Interglacials	–	warmer	periods	warmer	periods	during	with	the	extent	of	ice	masses	
and	valley	glaciers	being	to	retreat.	We	are	currently	in	an	interglacial	period	known	as	
the	Holocene.	



Causes	of	climate	change

LONG	TERM	

Milankovitch	Cycles	
-Eccentricity	10,000	years	
-Axial	tilt	41,000	years	
-Axial	wobble	21,000	

Continental	drift	
-Pangea	200million	

SHORT	TERM	

Solar	Variations	and	Sun	spots	

Volcanic	eruptions	

Asteroid	Collisions	

http://www.antarcticglaciers.org/	
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter04_FINAL.pdf	
http://www2.hawaii.edu/~jmaurer/scatterometry/cryosphere_importance.html		

http://www.antarcticglaciers.org/
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter04_FINAL.pdf
http://www2.hawaii.edu/~jmaurer/scatterometry/cryosphere_importance.html


Importance	of	the	cyrosphere

Store	of	water	
Climate	regulation	
Driver	of	ocean	currents	
Seasonal	Snowmelt	-	irrigation,	hydroelectric	energy	
Paleao-climate	proxies

The cryosphere covers a significant portion of the Earth’s land and ocean surfaces. Seasonal snow cover reaches the widest extent of any 
cryospheric component, with a mean winter maximum extent encompassing about 31% of the total global land area, 98% of which occurs in the 
northern hemisphere 



Past	and	present	polar	ice	sheets
• Glacial environments – areas covered by ice sheets and 

glaciers 
• Periglacial (& tundra) regions – exist in dry high-latitude 

areas not permanently covered by snow and ice 
• Alpine Regions – such areas may contain small ice caps, 

mountain glaciers and tundra environments. 

High latitude areas – e.g. Antarctica and Greenland. 
 
High altitude glaciers – e.g. Alps. 
 
Local scale factors like relief and slope aspect are important





Temperate	glaciers	are	warm	based	glaciers	found	outside	the	polar	region.	These	can	move	at	
anything	from	20-1000metres	a	year	

Polar	glaciers	are	cold	based	glaciers	which	are	frozen	to	the	the	bed	rock	as	the	temperature	
is	below	the	pressure	melting	point	and	move	due	to	internal	deformation.



Loch	Lomond	Stadial
The	Ice	Age	in	Britain	began	about	1,000,000	years	ago	and	lasted	until	about	
20,000	years	ago.	During	this	time	temperatures	fluctuated	and	ice	advanced	and	
retreated	four	times.	The	northern	and	eastern	parts	of	the	British	Isles	were	
covered	in	ice.	A	rapid	drop	in	average	temperature	around	115,000	years	ago	
triggered	the	Devensian	period.		

As	temperatures	fluctuated	as	least	three	pluses	of	ice	advance	and	retreat	occurred	during	
this	period.	The	most	extensive	occurred	between	26,000	and	10,000	years	ago.		

The	Loch	Lomond	Stadial	shows	how	ice	accumulates	and	spreads	in	response	to	climate	
conditions.	It	was	cold	enough	for	an	ice	cap	developed	in	Western	Scotland	with	tongues	
which	flowed	down	into	Snowdonia	and		the	Lake	District.	

•The last glaciers melted in Britain about 10,000 years ago

• The ice was up to 2 miles deep

• It was this ice which has shaped much of our landscape



The	UK	Glaciation	and	the	
Loch	Lomond	Stadial.





PRESENT	DAY	ICE	COVER



Summary	Questions	1

1. Describe the distribution of current and past 
polar and alpine cold environments 

2. Explain the importance of the cryosphere 
3. Explain the causes of long and short term 

climate change. 
4. Explain the impact of short term climate 

change on glacial systems. 
5. Compare the thermal characteristics 

between polar and temperate glaciers



We can view the development of glaciated landscapes through the framework of a 
system. Systems are a set of interrelated parts which comprises of:
(i) Stores (ii) Throughputs (iii) Inputs and (iv) outputs

Glaciers have inputs, they store material, transfer material and energy and deposit 
material. The time-scale involved varies from days through to millennia. 

Glaciated landscape systems are open systems. This is because energy and matter 
can enter from neighbouring systems as an input and be transferred to a neighbouring 
system as and output.

System Feedback in Glaciated Landscapes

Glaciated landscape systems are characterised by feedback. If the inputs = outputs 
(i.e. the rate at which ice is added = the rate at which snow and ice is lost) the glacier is 
seen as being in a state of equilibrium with the glacier staying the same size.

Glaciers are in fact in a state of dynamic equilibrium – this means that the system 
‘self-regulates’ – it produces its own response to a disturbance and will gradually 
change its form until equilibrium is restored.

Glaciers as systems...



ENERGY	
(potential	energy	–	

determined	by	height	/	
gravity)

PRECIPITATION

Kinetic	energy	
From	wind

Material	from:	
Deposition;	mass	

movement;	
weathering;	
avalanches

Thermal	Energy	from	
the	sun

ABLATION	
(melting,	

evaporation	&	
sublimation)

CALVING

SEDIMENT	–	
deposition	and		from	

glacial	&	wind	
erosion	from	rock	

surfaces

GLACIER	
(Stores	of	ice,	water,	debris	
accumulation	&	flows	–	

movement	of	ice,	water	and	
debris	down	slope	due	to	

gravity)



Glacial	mass	balance

Factors	that	affect	the	mass	
balance:	
• Wind	(aeolian	processes	and	
loess)	

• Precipitation	and	seasonality		
• Geology	(lithology	and	
structure)	

• Latitude	and	Altitude	
• Relief	and	Aspect

The amount of inputs / outputs 
varies over time – the glacier 
system constantly adjusts to 
the changes in the balance 
between accumulation and 
ablation – this is known as the 
mass balance or glacial 
budget.



Accumulation	Zone	
Ablation	Zone	
Net	Mass	Balance	
Equilibrium

EQUILIBRIUM - If accumulation = ablation – glacier is in equilibrium – remains stable in 
position. (but even if net budget is negative – may have been some advancement for 
example in winter – when accumulation often exceeds ablation – ALSO even if net budget is 
negative, the glacier may move forward under gravity so it can appear to be actually 
advancing).



The	Greenland	Ice	Sheet	and	Feedbacks

http://blogs.discovermagazine.com/imageo/2014/08/30/getting-droned-greenlands-ice-sheet/#.Wrkf55PwbBI

http://blogs.discovermagazine.com/imageo/2014/08/30/getting-droned-greenlands-ice-sheet/#.Wrkf55PwbBI


Summary	Questions	2
1. Explain	the	why	glaciers	can	be	considered	an	open	system	

2. Explain	what	is	meant	by	dynamic	equilibrium	

3. Explain	how	mass	balance	can	be	used	to	determine	the	health	of	a	glacier	

4. Explain	how	feedback	loops	can	impact	glacial	landscapes	

5. Explain	the	factors	that	influence	glacial	mass	balance	



Glacial	Movement

• Basal	sliding	
• Internal	deformation	(inter/intra	granular	change)

Pressure	melting	(regelation)	
Gradient	(extensional	/compressional	flow)	

	



Seracs
Glacier des Bossons in the French Alps, 
descending from Mont Blanc, is one of 
the steepest glaciers in the region. Fed 
by heavy snow, the glacier flows rapidly 
down the steep slope, becoming very 
heavily crevassed as it does so. 
Intersecting crevasses produce towers 
of ice called séracs that lean over and 
ultimately topple over.



Glacial	Landforms
Glacial	landforms	develop	in	different	environments	where	
different	processes	are	operating.		
• Subglacial	
• Marginal	
• Pro-glacial	
• periglacial	

Upland	areas	are	characterised	by	erosional	landforms	
Lowland	areas	are	characterised	by	depositional	landforms



Erosional	Processes	and	Landforms
• Abrasion,	Freeze	Thaw	and	

Entrainment	
• Plucking	or	quarrying	
• Ice-sheet	scouring

Corrie	
Arete	
Pyramidal	peak	
Truncated	spur	
U-shaped	valley	
Crag	and	tail	
Roche	moutonnee



Glacial	Transportation

Glaciers	transport	huge	amounts	of	debris	derived	from	rockfalls,	the	valley	sides	of	base.	
It	can	be	transported	via	several	processes.	

Supraglacial	
Subglacial	
Englacial	



Depositional	Landforms
Ground	moraine	
Terminal	moraine	
Recessional	moraine	
Lateral	moraine	
Medial	moraine	
A	till	plain	
Erratics



Post-glacial	landscapes



Fluvio-glacial	processes	and	landforms

• Fluvio-glacial	landscapes	are	associated	with	meltwater.	
Meltwater	is	seasonally	abundant	in	temperate	and	
periglacial	environments.	Like	sediment	this	can	be	
transported	in	supra	glacial,	englacial	and	sub-glacial	
channels.	There	are	three	types	of	fluvioglacial	
landforms.	

• Ice	Contact	(Eskers,	Kames	and	Kettle	holes)	
• Pro-glacial	features	(Outwash	plain,	braided	rivers	and	
varve)	

• Melt-water	channels	and	lakes





Periglacial	landscapes	
and	processes

Periglacial	landscapes	are	
associated	with	frost,	ice,	
snow	and	meltwater.

Processes Landforms
Frost Frost	Shattering	/	

Freeze-thaw
Blockfield,	Scree

Snow Nivation Nivation	hollows
Ice Frost	heave,	

ground	contraction	
and	groundwater	
freezing

Patterned	ground,	ice	
wedges	and	Pingos

Meltwater Solifluction Solifluction	lobes
Wind Windblown Loess



Glacial	Reconstruction	and	proxies

• Till	fabric	analysis	(orientation)	
• Drumlin	Orientation

http://glacierhub.org/2017/12/07/glacier-reconstruction-key-future/



Summary	Question	2

1. Explain	the	processes	of	glacial	erosion?	
2. Explain	the	formation	of	upland	glacial	

landforms	
3. Explain	the	formation	of	lowland	erosional	

landforms?	
4. Explain	the	processes	of	glacial	transportation	
5. Explain	the	formation	of	peri-glacial	landforms



Cultural,	environmental	and	economic	value	
of	glacial	landscapes

60%	of	Svalbard	is	covered	by	ice	and	is	home	to	over	2000	
glaciers	and	has	the	third	largest	ice	cap.	
In	the	past	it	was	just	home	to	whaling	and	trapping	
It	has	vast	mineral	wealth	and	whilst	it	is	Norwegian	is	
covered	by	a	complicated	treaty	which	allows	other	nations	
rights.	
Svalbard	is	home	to	three	permanent	scientific	research	
stations.		
in	2013	70,000	people	visited,	30,000	via	cruise	ship.	
The	island	has	the	highest	density	of	polar	bears	but	it	home	
to	over	1143	species.		
Today	it	is	a	UNESCO	site	and	29	protected	areas	covering	
65%	of	the	Island.	

https://whc.unesco.org/en/tentativelists/5161/

The	Lake	District	receives	over	16million	visitors	each	year	generating	1.1	billion	however	
the	relict	glacial	landscape	and	ecosystem	are	fragile.		The	area	is	also	important	for	
water	storage,	forestry	and	farming.	The	area	is	a	national	park,	used	the	UN	Land	Zoning	
model	and	many	businesses	and	locals	follow	the	Low-carbon	Lake	District	initiative.



Glaciation	services	(links	with	carbon	and	
water	cycle)

• Albedo	
• Melting	permfrost	
• Ice	stores	
• Ocean	currents



Natural	threats	to	glacial	landscapes

• Glacial	outburst	floods	
• Avalanches		/	Landslides	
• Climate	change	
• Invasive	species



Human	Threats	to	Glacial	landscapes

• Deforestation	
• Farming	
• Tourism	and	footpath	erosion	
• Energy	demand	
• Industry	and	soot	(black	ice)	
• Climate	Change



Anthropogenic	Warming	and	glaciers

• Artic	amplification	

• Melting	permafrost	

• Species	migration	

• Sea	level	rise	and	erosion





How Is Sea Ice Changing in the Arctic and Antarctic?

The sea ice covers on the Arctic Ocean and on the Southern Ocean around Antarctica have quite different characteristics, and are showing different changes with time. Over the 
past 34 years (1979–2012), there has been a downward trend of 3.8% per decade in the annual average extent of sea ice in the Arctic. The average winter thickness of Arctic 
Ocean sea ice has thinned by approximately 1.8 m between 1978 and 2008, and the total volume (mass) of Arctic sea ice has decreased at all times of year. The more rapid 
decrease in the extent of sea ice at the summer minimum is a consequence of these trends. In contrast, over the same 34-year period, the total extent of Antarctic sea ice shows a 
small increase of 1.5% per decade, but there are strong regional differences in the changes around the Antarctic. Measurements of Antarctic sea ice thickness are too few to be 
able to judge whether its total volume (mass) is decreasing, steady, or increasing. A large part of the total Arctic sea ice cover lies above 60°N (FAQ 4.1, Figure 1) and is 
surrounded by land to the south with openings to the Canadian Arctic Archipelago, and the Bering, Barents and Greenland seas. Some of the ice within the Arctic Basin survives 
for several seasons, growing in thickness by freezing of seawater at the base and by deformation (ridging and rafting). Seasonal sea ice grows to only ~2 m in thickness but sea 
ice that is more than 1 year old (perennial ice) can be several metres thicker. Arctic sea ice drifts within the basin, driven by wind and ocean currents: the mean drift pattern is 
dominated by a clockwise circulation pattern in the western Arctic and a Transpolar Drift Stream that transports Siberian sea ice across the Arctic and exports it from the basin 
through the Fram Strait. Satellites with the capability to distinguish ice and open water have provided a picture of the sea ice cover changes. Since 1979, the annual average 
extent of ice in the Arctic has decreased by 3.8% per decade. The decline in extent at the end of summer (in late September) has been even greater at 11% per decade, reaching a 
record minimum in 2012. The decadal average extent of the September minimum Arctic ice cover has decreased for each decade since satellite records began. Submarine and 
satellite records suggest that the thickness of Arctic ice, and hence the total volume, is also decreasing. Changes in the relative amounts of perennial and seasonal ice are 
contributing to the reduction in ice volume. Over the 34-year record, approximately 17% of this type of sea ice per decade has been lost to melt and export out of the basin since 
1979 and 40% since 1999. Although the area of Arctic sea ice coverage can fluctuate from year to year because of variable seasonal production, the proportion of thick perennial 
ice, and the total sea ice volume, can recover only slowly. Unlike the Arctic, the sea ice cover around Antarctica is constrained to latitudes north of 78°S because of the presence 
of the continental land mass. The Antarctic sea ice cover is largely seasonal, with an average thickness of only ~1 m at the time of maximum extent in September. Only a small 
fraction of the ice cover survives the summer minimum in February, and very little Antarctic sea ice is more than 2 years old. The ice edge is exposed to the open ocean and the 
snowfall rate over Antarctic sea ice is higher than in the Arctic. When the snow load from snowfall is sufficient to depress the ice surface below sea level, seawater infiltrates the 
base of the snow pack and snow-ice is formed when the resultant slush freezes. Consequently, snow-to-ice conversion (as well as basal freezing as in the Arctic) contributes to 
the seasonal growth in ice thickness and total ice volume in the Antarctic. Snow-ice formation is sensitive to changes in precipitation and thus changes in regional climate. The 
consequence of changes in precipitation on Antarctic sea ice thickness and volume remains a focus for research. Unconstrained by land boundaries, the latitudinal extent of the 
Antarctic sea ice cover is highly variable. Near the Antarctic coast, sea ice drift is predominantly from east to west, but further north, it is from west to east and highly divergent. 
Distinct clockwise circulation patterns that transport ice northward can be found in the Weddell and Ross seas, while the circulation is more variable around East Antarctica. The 
northward extent of the sea ice cover is controlled in part by the divergent drift that is conducive in winter months to new ice formation in persistent open water areas (polynyas) 
along the coastlines. These zones of ice formation result in saltier and thus denser ocean water and become one of the primary sources of the deepest water found in the global 
oceans. Over the same 34-year satellite record, the annual extent of sea ice in the Antarctic increased at about 1.5% per decade. However, there are regional differences in trends, 
with decreases seen in the Bellingshausen and Amundsen seas, but a larger increase in sea ice extent in the Ross Sea that dominates the overall trend. Whether the smaller 
overall increase in Antarctic sea ice extent is meaningful as an indicator of climate is uncertain because the extent.varies so much from year to year and from place to place 
around the continent. Results from a recent study suggest that these contrasting trends in ice coverage may be due to trends in regional wind speed and patterns. Without better 
ice thickness and ice volume estimates, it is difficult to characterize how Antarctic sea ice cover is responding to changing climate, or which climate parameters are most 
influential. There are large differences in the physical environment and processes that affect the state of Arctic and Antarctic sea ice cover and contribute to their dissimilar 
responses to climate change. The long, and unbroken, record of satellite observations have provided a clear picture of the decline of the Arctic sea ice cover, but available 
evidence precludes us from making robust statements about overall changes in Antarctic sea ice and their causes.



Managing	Glacial	Landscpaes

• IGOs	
• NGOs	
• National	Governments	
• Local	communities



Local	and	global	scale	actions

• National	Parks	and	Zoning	
• The	Alpine	Convention	-An	international	treaty	
between	the	EU	and	Apline	countries.	it	relies	on	
legal	framework	which	covers	water,	soil,	
landscape,	transport,	energy	and	climate.	The	
alpine	convention	includes	measures	to	protect	
care	for	and	restore	ecosystems	as	well	as	presser	
the	environment	and	covers	20%	of	the	region.	

• COP21



Summary	Questions	3

1. Explain	how	climate	change	in	the	arctic	may	affect	the	
hydrological	cycle	

2. Explain	how	climate	change	in	the	artic	may	affect	the	
carbon	cycle	

3. Explain	the	role	of	IGOs	in	protecting	glacial	landscapes	
4. Explain	the	human	threats	to	relict	glacial	landscapes	
5. Explain	the	threats	to	the	polar	glacial	landscapes	
6. Explain	the	importance	of	National	Parks	in	protecting			

glacial	ecosystems



Essay	Questions
1. Assess	the	significance	of	the	contributions	of	glacial	

meltwater	to	the	formation	of	glaciated	landscapes	(12)	
2. Assess	a	range	of	different	threats	to	one	glaciated	landscape	

(12)	
3. Assess	the	nature	of	the	threats	from	tourism	facing	one	

named	glaciated	upland	landscape	(12)	
4. Assess	the	value	of	one	glaciated	landscape	(12)	
5. Evaluate	the	indirect	actions	of	platers	which	threading	active	

and	relict	glaciated	upland	landscapes	(20)	
6. Evaluate	the	ways	in	which	fragile	glaciated	upland	landscapes	

can	be	managed	(20)


