Geography –Cold Environments
1) The Global Distribution of Cold Environments

Today glaciers occupy 10% of the land about 15.8km². 85% of the glacier ice is located in the Antarctica divided between the West and East side. 11% about 1.8km² is concentrated in the Greenland ice sheet. The remaining 4% is located among ice caps, highland ice fields and smaller glaciers. Factors affecting the distribution of glaciers are altitude, latitude, slope aspect and relief.

The processes and landforms caused by glaciers and related to them are referred to as glacial.

Periglacial is an adjective referring to places in the edges of glacial areas, normally those related to past ice ages rather than those in the modern era. Is an adjective referring to places in the edges of glacial areas, normally those related to past ice ages rather than those in the modern era.
2) Glaciers as Systems

Glaciers are masses of ice that deform under their own weight and that flow downslope. The formation of glaciers starts with the accumulation of permanent snowfields that result in a positive mass balance over the whole year. A key factor for the formation of glaciers is the number of positive degree days. After years of positive growth the underlying layers of snow become compressed by the pressure caused by weight of overlying snow. The overlying snow is melted by heat from the sun and water percolates into the compacted snow below refreezing in between gaps. By the continuous melting and freezing of water the snow turns into glacier ice.

Ablation is the natural removal of snow or ice from the surface of a glacier or snowfield. This can occur through melting or sublimation and, at or near the snout of a glacier, it can also occur by calving. The area of a glacier where the removal of snow and ice is greater than the amount replaced each year is called the Ablation Zone or Ablation Zone Region. In other words, ablation can occur at any point on the surface of a glacier, but the ablation zone of a glacier is the part where there is a net loss of surface snow and ice.

The accumulation area of a glacier is the part always covered by snow, where snow and ice are added to the glacier system. The addition of snow and ice is called 'Accumulation' and can occur through direct snow fall, the accumulation of wind blown snow, and through firnification. Accumulation areas are, of course, above the snow line because snow and ice must survive all year round.

Types of glacier:

· Niche glaciers: small patches of glacier ice located on upland slopes.

· Cirque/Corrie glaciers: cover an area of between 0.5 and 10km², they form in sheltered depressions. They remain confined to these depressions scouring and deepening them over time into arm-chair shaped hollows.

· Valley glaciers: A glacier bounded by the walls of a valley, and descending from high mountains, from an ice cap on a plateau, or from an ice sheet.

· Ice caps: huge, flattened dome shaped masses of ice that develop on high plateaus and occupy and area of less than 50,000km².
· Ice sheets: massive extensions of ice which occupy an area of above 50,000km².
· Ice shelves: extensions of ice sheets that reach out over the sea.

3) Ice Movement

Cold based glaciers are glaciers that occur in polar latitudes and in which the bulk of the ice is below the pressure-melting point and therefore frozen to the bed. Warm based glaciers are glaciers which occur mostly away from polar regions and in which the temperature of ice fluctuates above and below melting point.

Types of movement:

· Internal deformation: called creep, results from deformation of the ice crystal structure - the crystals slide over each other like deck of cards. This type of movement is the only type that occurs in polar glaciers, but it also occurs in temperate glaciers. The upper portions of glaciers are brittle, when the lower portion deforms by internal flow, the upper portions may fracture to form large cracks called crevasses.
· Basal slippage: The sliding of a glacier over bedrock, a process usually facilitated by the lubricating effect of melt water.

· Rotational flow: occurs when ice slides into an armchair shaped hollow about a central point of rotation

The velocity of ice flow in all glaciers varies considerably, depending on factors like the thickness of the ice, the slope of the surface over which the glacier is advancing, and the amount of melt water that is available to lubricate the base of the glacier. Some glaciers creep so slowly that their movement can only be seen over a period of years; others advance at several metres per day.

4) Processes of Glacial Erosion
· Abrasion: Erosional process whereby rock material frozen to the underside of the glacier abrades underlying rock as the glacier moves over its bed.

· Plucking: Happens when rocks and stones around the glacier become frozen to the base or sides of the ice. They are then attached to the ground (that doesn’t move) and the glacier (which is moving). One of two things will happen; EITHER the rock is so strongly attached to the ground that the ice breaks off it as the glacier moves, OR the ice pulls or plucks the rock out of the ground. When the ice wins, plucking has occurred.
· Freeze Thaw: During the day, whilst the sun is shining, rocks, hollows and other weaknesses get wet or filled with water as glacial ice melts and soaks the rocks. At night the temperatures become colder and the water in the cracks freezes. As the water freezes it expands and causes the cracks to widen. The next time the temperature is warm enough for the ice to melt, the water thaws and contracts. This cycle continues, each time widening or enlarging the cracks and hollows but a tiny amount. Eventually this continuous process causes rocks to break up. 

5) Erosional Landforms

Corrie: A corrie (also called a cirque or cwm) starts as a snow patch on a cold mountain side. The temperatures must be low enough to allow the snow to remain all year round. Under these conditions snow can accumulate and the snow patch will grow in size and depth each year. Due to temperature changes and pressure, the snow becomes altered to ice, and when sufficient ice has accumulated it will begin to move downhill under the influence of gravity. In the large snow patch, or a niche glacier, erosion occurs above and below the surface of the ice. 
Above the surface freeze-thaw will be an important process. It weakens and dislodges rock material from the corrie walls, helping to steepen them and cut them backwards into the mountain side. In an area such as the European Alps, the summer temperatures may vary widely between day and night, making freeze thaw a daily process. During the winter however, there may be almost no melting of ice for months, and freeze-thaw will cease to operate. 
Freeze thaw beneath the ice surface aids in the disintegration of the underlying rocks; a process called nivation. Below the ice there is a scouring action produced by the rotational movement of the ice as it moves down hill, and abrasion from the rock debris held in the ice. The rocks embedded in the ice scrape away at the underlying surface, slowly producing a curved hollow. Most of the erosion occurs in the centre of the ice, with less at the back, sides and front. This causes a deepening of the hollow in which the snow has accumulated, a steepening of the walls behind and to its sides, and an 'armchair' shaped features is gradually produced. Erosion is most effective in the centre of the corrie, but as the ice rotates forwards and upwards its erosional power is greatly reduced. This means that erosion at the front edge of the corrie is less than in the middle, so there is a deep corrie centre and a raised lip at the edge.
Arete: When a corrie is formed, its back and side walls tend to be steep and jagged, perhaps almost vertical. When two corries form next to each other, and their adjacent walls are eroded backwards until they meet, a narrow and pointed rock ridge is formed. This is often likened to a knife edge, with near vertical sides and a sharp top edge. This feature is called an arete.
Pyramidal Peak: When three or more corries erode backwards and meet they cannot form an arete; it has steep sides but doesn't have the length to make a ridge. Imagine three corries at the corners of a triangle, eventually all eroding back and meeting in the middle. A sharp pointed pyramid shape is created. This is called a Pyramidal Peak, or Horn, and is a common shape for mountain tops in well glaciated areas.
Striations: When a glacier moves across the underlying rock, the process of abrasion wears it away. It is the fragments of rock held in the ice that do the abrading, scraping across the rock surface like nails across a wooden desk top. Larger rock fragments leave deep scratch marks behind them. These scratch marks are straight parallel lines that reveal the direction of ice movement.
Roche Moutonee: Roche Moutonnee are outcrops of resistant bed rock with a gentle abraded slope on what would have been the upstream side of the ice (stoss slope) and a steep rougher slope on the downstream side (lee slope). The smooth upstream slope is probably caused by abrasion as the ice advances over the rock, and the rough 'tail' is due to the action of plucking where ice has attached to the rock and literally pulled rock fragments away. Plucking could occur because as the ice moved up the stoss slope there was a reduction in pressure, allowing liquid water to re-freeze and attach the ice to the underlying rocks.

Crag and Tail: A crag and tail is a larger rock mass than a roche moutonnee. Like a roche moutonnee, it is formed from a section of rock that was more resistant than its surroundings. On the lee side of the resistant rock, the bed rock was protected from the erosional power of the glacier.
Rock Drumlins: These are more streamlined bedrock and lack the jagged lee slope.
Glacial Troughs: When glaciers move downhill, they tend to follow the easiest route. In most cases they follow an existing river valley. Unlike a river, however, they fill the entire valley and their power to erode is much greater. This means that instead of having to wind around obstacles like a river, the glaciers can follow a more direct route. The result of this is that the valley is widened, deepened and straightened. The V-shaped valley of the river valley is changed into a U-shaped glacial trough. A Glacial trough is a straight, trench-like valley with a wide, flat floor and steep sides.
Truncated Spur: Spurs that projecting into the original river valley are cut short, their lower ends being destroyed by the moving ice. They may be cut back right to the edges of the new valley, or still project slightly into the valley. This shortens the spurs, or truncates them.
Hanging Valley: They are the product of different rates of erosion between the main valley and the valleys that enter it along its sides. The floors of the tributary valleys are eroded and deepened at a slower rate than the floor of the main valley, so the difference between the depths of the two valleys steadily increases over time. The tributaries are left high above the main valley, hanging on the edges, their rivers and streams entering the main valley by either a series of small waterfalls or a single impressive fall.

6) Depositional Landforms

The intense erosive action of a glacier produces vast volumes of sediments. Very fine material, called rock flour, is produced by the scraping and grinding or rock surfaces, whilst larger particles are produced by plucking and freeze-thaw. Massive rocks that fell from the valley walls onto the moving ice can also be transported, and then deposited hundreds of miles from their origins. 

Geographers classify glacial sediment according to its mode of deposition. The collective name for all the sediments and debris deposited under glacial conditions is Glacial Drift. Sediments that were deposited by melting ice or by glacial streams are called Fluvio-glacial. Debris deposited directly by the glacier, such as moraine and intra-glacial material dropped 'in situ' by retreating ice, is known as Till. The range of sediment sizes and processes of deposition produce a wide range of landforms.
Types:

Erratics: Erratics are large boulders that have been transported by glaciers, and often deposited a considerable distance from their origin. For example, there are erratics in the county of Norfolk, in the United Kingdom, that originated in Norway.
Moraine: Moraine is material transported by a glacier and then deposited. There are eight types of moraine, six of which form recognisable landforms, and two of which exist only whilst the glacier exists. The types of moraine that form landforms are Ground, Lateral, Medial, Push, Recessional and Terminal. The two types only associated with glacial ice are Supraglacial and Englacial moraine.
Ground moraine is till deposited over the valley floor. It has no obvious features and is to be found where the glacier ice meets the rock underneath the glacier. It may be washed out from under the glacier by meltwater streams, or left in situ when the glacier melts and retreats.

Lateral moraine forms along the edges of the glacier. Material from the valley walls is broken up by frost shattering and falls onto the ice surface. It is then carried along the sides of the glacier. When the ice melts it forms a ridge of material along the valley side.

Medial moraine is formed from two lateral moraines. When two glaciers merge, the two edges that meet form the centre line of the new glacier. In consequence two lateral moraines find themselves in the middle of the glacier forming a line of material on the glacier surface. The existence of a medial moraine is evidence that the glacier has more than one source. When the ice melts it forms a ridge of material along the valley centre.

Push moraines are only formed by glaciers that have retreated and then advance again. The existence of a push moraine is usually evidence of the climate becoming poorer after a relatively warm period. Material that had already been deposited is shoved up into a pile as the ice advances, and because most moraine material was deposited by falling down not pushing up, there are characteristic differences in the orientation of rocks within a push moraine.

Recessional moraines form at the end of the glacier so they are found across the valley, not along it. They form where a retreating glacier remained stationary for sufficient time to produce a mound of material. The process of formation is the same as for a terminal moraine, but they occur where the retreating ice paused rather than at the furthest extent of the ice.

The terminal moraine forms at the snout of the glacier. It marks the furthest extent of the ice, and forms across the valley floor. It resembles a large mound of debris, and is usually the feature that marks the end of unsorted deposits and the start of fluvially sorted material.

Supraglacial moraine is material on the surface of the glacier, including lateral and medial moraine, loose rock debris and dust settling out from the atmosphere.

Englacial moraine is any material trapped within the ice. It includes material that has fallen down crevasses and the rocks being scraped along the valley floor.

Drumlins: Drumlins are formed of till. They are elongated features that can reach a kilometre or more in length, 500m or so in width and over 50m in height. One end is quite step, whilst the other end tapers away to ground level. The Stoss end is the steeper of the two ends and used to face into the ice flow. The Lee slope is the gentler slope and becomes lower as you move away from the source of the ice. This means that the highest point will always be at the stoss end of the drumlin, and the lowest point will be the end of the Lee slope. It is common to find several drumlins grouped together. The collection of drumlins is called a swarm. Formed when the ice became overloaded with sediment. When the competence of the glacier was reduced, material was deposited, in the same way that a river overloaded with sediment deposits the excess material. The glacier may have experienced a reduction in its competence for several reasons, including melting of the ice and changes in velocity. If there is a small obstacle on the ground, this may act as a trigger point and till will build up around it.

7) Fluvioglacial Processes
Fluvioglacial landforms are created by the meltwater from glaciers, largely through deposition but also by erosion.

8) Fluvioglacial Landforms

Outwash Plain (sandurs): These are large areas of glacial sediment deposited by meltwater streams furthest away from the glacial snout. They are formed from gravels, sands and clays, the clays being furthest away from the snout because the smaller particles are carried furthest. Material that was already deposited by older streams and ice activity may be reworked and sorted by the streams forming the outwash plain and carried beyond the original maximum extent of the ice sheet / glacier.
Varves: Varves are found in the deposits of glacial lakes. Each varve consists of two distinct layers of sediment, a lower layer of light coloured sandy material and an upper layer of darker silt. Most melting of the glacier occurs in spring and early summer, so at these times the meltwater streams flow fastest and carry their greatest loads. Fine material is held in suspension in the lake whilst heavier material is deposited. As autumn and winter approach, the capacity and competence of the meltwater streams is reduced because there is less melting and less meltwater. This allows the finer material that has been kept in suspension, to settle out and be deposited. Thus, each year, a new set of coarse and fine beds are formed. By counting the number of varves in the lake sediments it is possible to establish the age of the lake. 

Braided Streams: When glacial ice melts, the water moves away from the glacial snout in fast flowing streams and rivers. The water transports vast quantities of sediment and larger debris. If the sediment load is very large in relation to the velocity of the stream, the more coarse material may start to block the stream, choking it and forcing it to constantly change its course. The stream starts to diverge, splitting into numerous segments which split and join repeatedly. The small islands formed within the stream are called eyots. Braided streams are typically shallow and wide, surrounded by poorly sorted rock debris. 

Eskers: Eskers are produced as a result of running water in, on or under the glacier. They are linear mounds of sand and gravel that commonly snake their way across the landscape. They are the deposits of rivers and streams that flowed on, in or under a glacier. When the glacier retreats the sediment that had been deposited in the channel is lowered to the land surface where it forms a linear mound, or hill, that is roughly parallel to the path of the original glacial river.
Kames: Kames are mounds of sediment which are deposited along the front of a slowly melting or stationary glacier / ice sheet. The sediment consists of sands and gravels, and builds up into mounds as the ice melts and more sediment is deposited on top of old debris. Often, a kame will collapse when the ice melts back and leaves the mound unsupported. Kame Terraces are also composed of sands and gravels, but form along the sides of the glacier rather than at its snout. They are formed by the actions of meltwater streams that flow along the sides of the ice, trapped against it by the valley walls. As the valley walls warm up in summer the warm rock helps to melt the ice nearest to it, forming a long depression or trough along which meltwater flows. Because the deposits in a Kame Terrace have been transported by water, they become sorted, enabling them to be distinguished from lateral morain deposits which exhibit no sorting. 

Kettle Holes: These are formed by blocks of ice that are separated from the main glacier by either the glacial ice retreating or by blocks calving off the glacier snout and falling forwards. If conditions are right, the isolated blocks of ice then become partially buried in meltwater sediments. When the ice blocks eventually melt they leave behind holes or depressions that fill with water to become Kettle Hole Lakes. In freshly glaciated areas, Kettles form obvious small lakes in the outwash plains. In areas glaciated in historic times they may be preserved as isolated small lakes, or deep water filled depressions in boggy areas that were once the low lying outwash plains.

Proglacial Lakes: Where bodies of water develop next to glaciers and ice sheets as a result of the accumulation of meltwater.
9) Periglacial Processes

Nivation: Is the process of alternative freeze and thaw by which fallen snow gets converted into mass of ice.

Frost Heave: Is the process by which the freezing of water-saturated soil causes the deformation and upward thrust of the ground surface.

Solifluction: Is a type of mass wasting where waterlogged sediment slowly moves downslope over impermeable material. It can occur in any climate where the ground is saturated by water, though it is most often found in periglacial environments where the ground is permanently frozen (permafrost), under which conditions the process is often called gelifluction.

Permafrost: Permafrost is permanently frozen ground. Subsoil temperatures must remain below zero for two years for permafrost to develop. There are 3 main types of permafrost. Continuous permafrost is found in the coldest regions. Discontinuous permafrost is found in slightly warmer regions where freezing conditions do not penetrate to such great depths. Sporadic permafrost occurs in area where temperatures are around or just below freezing point.
10) Periglacial Landforms

· Nivation hollows: A common feature created by nivation is a nivation hollow. These features have been known to develop under snow patches in just a few seasons. The usual location of these features in the Northern Hemisphere is on a slope that faces northeast. This orientation is of course most protected from the warming effects of Sun's rays. The development of the hollows requires two ingredients: a snow patch that returns to the same area year after year and a slope to allow for erosional transport of material out of the developing depression. The process begins with a patch of snow. Around the edges of this patch, physical weathering and frost heaving begins to separate particles for erosion. Running water then picks up the loose particles and carries them off. Material is also removed from the developing hollow by gelifluction. As the summer season progresses, the patch of snow reduces in size and the excavation of material continues inward. Enlargement of the hollow involves several different mechanisms. Sometime in the following year, the boundary of the snow mound and depression will once again be inline and frost weathering will eat away at the hollow's edge. The edge of the hollow is also preferentially eroded because the micro-slope creates localized instabilities and focuses the entrainment potential of flowing water.
· Ice Wedges: An ice wedge is a crack in the ground formed by a narrow or thin piece of ice that measures anywhere from 3 to 4 meters wide and extends downwards into the ground up to 10 inches. During the winter months, the water in the ground freezes and expands. Once temperatures reach -17 degrees Celsius or colder, the ice that has already formed acts like a solid and contracts to form cracks in the surface known as ice wedges.
· Patterned Ground: Patterned ground is a term used to describe the distinct, and often symmetrical geometric shapes formed by ground material in periglacial regions. In periglacial areas and areas affected by seasonal frost, repeated freezing and thawing of groundwater literally forces larger stones toward the surface as smaller soils flow and settle underneath larger stones. At the surface, areas that are rich in larger stones contain much less water than highly porous areas of finer grained sediments. These water saturated areas of finer sediments have a much greater ability to expand and contract as freezing and thawing occur, leading to lateral forces which ultimately pile larger stones into clusters and stripes. Through time, repeated freeze-thaw cycles smooth out irregularities and odd-shaped piles to form the common polygons, circular, and stripes of patterned ground.
· Pingos: A pingo, also called a hydrolaccolith, is a mound of earth-covered ice found in the Arctic and subarctic that can reach up to 70 metres (230 ft) in height and up to 600 m (2,000 ft) in diameter. They are essentially formed by ground ice which develops during the winter months as temperatures fall.
· Solifluction Lobes

11) Exploitation and Development of the tundra and Southern Ocean

Because of their harsh climate and limited productivity tundra areas are one of the most fragile in the world. In these types of areas the rate of vegetation growth is very slow and can be easily affected by any small change on the ecosystem. For example, tyre tracks that go over the tundra can take 50 years to recover. In these types of zones, conditions are very extreme: 

· Low temperatures

· Short growing season

· Low precipitation levels

· Poor soils

· Surface thaw in summer can lead to water logging

However, the areas are habited by small tribes that have learnt to cope with these harsh conditions. In northern Canada, the Inuit predominant activity is hunting seals which provide them with meat, oils and skins. Since the number of Inuit is very low compared to the size of the area on which they live, they put very little pressure on the environment.  On northern Europe, the Sami follow seasonal movements of herds of wild reindeers (the caribou) which move back from the boreal forests to the tundra areas in summer. Both the Sami and the Inuit follow sustainable ways of life and don’t cause any type of damage to these areas.

Tundra areas are rich in minerals and oil. They also contain large extensions of wilderness areas which are important because:

· There is a need to maintain the gene pool of wild animals

· Animal communities can be studied in their natural environments

· Wilderness areas are a natural laboratory for the scientific study of ecosystems

However since the past tundra areas have been under great pressure caused by activities which exploited and damaged the area. In the past whaling, sealing and mining for gold were the predominant activities of exploitation. In the last 100 years these activities have developed into more contaminating and damaging like HEP, extraction of oil and tourism which have had a dramatic impact on local populations. In addition the construction of new buildings heavily damages the permafrost which is very fragile and can easily melt. The Trans Alaskan pipe has also been a major issue. The discovery of a major source of oil in the north slope of Alaska was the fact which started the pipe. The presence of the pack ice in the north impeded the oil to be removed by tanker and so they decided to construct a huge pipeline to the south to transport the oil. The great strain on resources which some countries had made the pipe to be constructed.

Although many activities damage the environment people in modern time have adapted to try and preserve the ecosystem as much as possible. Buildings are built using utilidors or pads of gravel to prevent the ice from melting. In addition the Trans Alaskan pipe was built over the ground and using very thick insulators on many areas of it. The elevated structure also allowed the pipeline to shift sideways on its supports as an extra protection against damage caused by ground movement. The pipe is buried where it passes under roads and areas which could block major caribou migration routes. Here, the pipe is covered by thick insulation. In addition, for 6.5 km of the pipe, refrigeration units have been installed to prevent the permafrost from melting.

Tundra areas have always tried to be developed in a sustainable way. However there has been a great disagreement on how to do this. In 1964, the wilderness act in the USA designated a number of wilderness areas.
12) The Future of Antarctica

The Antarctica has been always exposed to exploitation activities:

· Whaling: Began in the 19th century with right and blue whales as main targets. The main products where oil and whalebones. Whalers came from the northern hemisphere, especially Norway and the USA. Whaling stations were established on South Georgia and the Shetland islands. In 1904, the Norwegians developed Grytviken on South Georgia which employed 300 people. Grytviken was abandoned in 1965 because whale stocks had become so depleted.
· Sealing: This began in the 18th century on and around the island of South Georgia. By 1800, the fur seals of South Georgia were wiped out and interest then centred on the South Shetland Islands. Within 3 years, over 300,000 seals had been killed and the population virtually eradicated. This was exploitation at its worst.
· Fishing: In the 1960’s, Russian ships began to exploit the southern ocean for a number of species, including the Antarctic rock cod. Concerns have recently being expressed, especially fishing for krill by the Russians and Japanese. Krill is essential to the Southern Ocean food web. 

· Tourism: Tourism in Antarctica has been developing and the number of tourists each year has been expanding. The Antarctica’s most common forms of tourism are cruises, over-flights and camping trips. Research has been carried out by scientists and it has been discovered that tourism doesn’t cause much impact on the ecosystem.
Sustainability of exploitation activities:

· Whaling: In 1946, the international whaling convention was established.

The purpose of this organisation was to stop whaling and this was mostly done by 1985 as stocks of many species ran dangerously low.

· Issue of sovereignty: The issue of sovereignty was resolved in December 1959, when 12 nations signed the Antarctic treaty. This guaranteed free access and research so that all countries could work together for the common cause of research and the exchange of ideas. 

· Military use: Military activity and nuclear testing were banned.
· Mineral Extraction: In 1991, the Protocol on Environmental Protection was signed. This bans all mineral exploitation on the continental shelf. 

Future concerns of the Antarctica:

· The Antarctic ecosystem is extremely fragile 

· The summer tourist season coincides with peak wildlife breeding periods.

· The demand for freshwater is difficult to meet.

· Visitor pressure is felt on cultural heritage sites such as old whaling and sealing stations.

· Over-flying is causing stress to breeding colonies of Penguins and other birds.

