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Cold environments

1
(a)
Glaciers are systems, with inputs of snow from precipitation, outputs of water 
(e.g. meltwater, water lost as vapour through sublimation, ice – calving of icebergs) and throughputs of glacier ice. If inputs of snow exceed outputs of water and ice, glaciers eventually expand and advance. Where outputs exceed inputs, glaciers shrink and retreat.


(b)
Glaciers move in two ways: by basal sliding and by internal deformation. Where meltwater lubricates the base of glaciers (warm-based), sliding occurs. This movement is relatively rapid. It can be observed in many Greenland glaciers today. In cold climates, such as Antarctica, glaciers (cold-based) are frozen to bedrock surfaces. Under pressure (the weight of ice and gravity), ice crystals in the glaciers become aligned in parallel layers and slide past each other. Compared to warm-based glaciers, cold-based glaciers move very slowly. Other characteristic flow patterns are: rotational (e.g. in semi-circular mountains hollows or cirques); extensional, where steep gradients cause glaciers to accelerate and thin; and compressional, where flow speeds slacken and glaciers increase in thickness.


(c)
Moraines comprise unsorted rock debris derived from glacial erosion, and mass movement and weathering on ice-free slopes. Moraines are deposited either directly by moving ice (e.g. lodgement tills) or by wasting ice (e.g. hummocky moraines). Lateral moraines are linear in shape and develop by avalanching, mass movement and the weathering of rock particles onto glaciers from adjacent valley slopes. As glaciers shrink and retreat, lateral moraines are left as prominent ridges hugging the sides of glacial valleys.



Terminal moraines form at the snouts of valley glaciers, or on a larger scale, along the stationary fronts of ice sheets. The movement of glacier ice transports (like a conveyor belt) supra-glacial, englacial and sub-glacial moraines to the leading edge of a glacier or ice sheet. If the snout or ice front remains stationary for long periods, extensive moraines develop. These deposits are known as terminal moraines. Where they form across valleys they often impound long, narrow ribbon lakes.


(d)
Sustainable economic development in regions such as the northern hemisphere tundra and Antarctica is problematic owing to their inherent environmental and ecological fragility. Exploitation of natural resources such as oil, gas and fisheries may produce short-term economic benefits, but in the long term could be disastrous. Ecosystems in the tundra and Antarctica have restricted biodiversity and short food chains. Productivity is low, and in the tundra primary producers are slow-growing. Vegetation, once degraded, may take decades to recover. Melting of the permafrost is even more devastating, flooding low-lying areas and destabilising soils and slopes. Oil spillages in the Arctic Ocean, and rubbish from tourism around Antarctica break down only very slowly, polluting the environment and food chains for many years. In Antarctica, ecosystems are almost entirely marine. Most depend on small shrimp-like crustaceans or krill at the base of the food chain. This extreme specialisation means that commercial overfishing of krill could cause entire ecosystems to collapse.



The highly specialised nature of ecosystems in the tundra and Antarctica makes them uniquely vulnerable to economic development. Sustainable management of fish stocks in the EU has so far proved a failure. The development of sustainable fishing in the Southern Ocean, where there are fewer restrictions on catches, seems even less likely. In the tundra, sustainable exploitation of resources is possible, but governments and large corporations may be unwilling to pay the costs.
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(a)
The most extensive periglacial environments occupy low-lying, high latitude areas in northern Canada, Alaska, and northern Siberia, encircling the Arctic Ocean. In the most northerly parts, permafrost is continuous. Further south, as temperatures ameliorate, the permafrost becomes discontinuous and eventually sporadic (i.e. confined to isolated pockets). Periglacial environments also occur at high altitude in mountain ranges such as the northern Rockies, Andes and Himalyas.


(b)
Permafrost has a widespread influence on the periglacial landscapes. In summer, the active layer of the permafrost thaws, creating vast swampy areas and temporary lakes. Extensive melting of permafrost results in distinctive thermokarst landscapes, dominated by flooded pits, hollows and other depressions caused by subsidence. Melting of the active layer is also responsible for large-scale mass movement of the regolith known as solifluction or gelifluction. This process, which is effective even on gentle slopes, produces uniform expanses of smooth terrain. Ground ice, formed within the permafrost, is responsible for patterned ground. Large areas of segregated ice are also found in the permafrost, where they form, among other features,  distinctive ice-cored, conical hills known as pingos.


(c)
Patterned ground is a characteristic feature of periglacial environments. The patterns, consisting of rock particles, are variously formed into polygons, nets, circles and stripes. The first three types develop on level ground. They give way to stripes on slopes between 5º and 30º.  Frost cracking and frost heave explain the formation of most kinds of patterned ground. Freezing of the ground surface causes contraction which results in polygonal cracking, rather like crazy paving. Frost heave cambers the ground between the cracks and forces stone particles to the surface. Later, these particles roll and slide into the depressions between the cambers to form networks of polygons and circles. On steeper ground where cambering is oriented downslope, the outcome is stone stripes of coarse and fine rock particles.


(d)
Cold environments are fragile and their ecology is easily damaged by economic development and climate change.  Periglacial environments are most vulnerable to the melting of the permafrost. Permafrost exists in state of delicate balance: any disruption to the natural thermal budget (e.g. removal of vegetation cover, building roads and pipelines) threatens melting. This has disastrous effects on drainage, slope stability and wildlife. The ecology of cold environments is equally fragile. Biodiversity is limited, with few plants and animals having successfully adapted to the extreme climate. One result is that plant and animal species are often highly specialised, with short and simplified food webs. Thus, the decline of a single species (e.g. small rodents such as lemmings due to a poor berry crop) could have disproportionately adverse effects on the rest of the ecosystem. Finally, the low temperatures and long winters in cold environments mean that plant growth is slow. This makes it difficult for ecosystems to recover from damage to vegetation due to human activity.



Sustainable management of cold environments aims to minimise the human impact associated with energy extraction, mining and tourism. In permafrost environments, protection of the permafrost is a priority: roads are insulated on icepads; houses are built on stilts; and pipelines elevated above the ground. New drilling techniques allow the remote extraction of oil and gas (in the most sensitive areas) several kilometres away from the drilling rigs. Meanwhile, intrusive prospecting (e.g. drilling) for energy resources can be reduced by seismic investigation. Large wilderness areas can be given conservation status, and tourism development and access by visitors can be strictly controlled.  Protection may also be given to indigenous cultures that for millennia have exploited the resources of cold environments sustainably. In Antarctica, the impact of scientific research and tourism is monitored and regulated. All wastes must be removed. On the Antarctic continent, prospecting for energy and mineral resources is banned by the Antarctic Treaty. Large parts of the Southern Ocean are also protected by international treaty which bans the discharge of oil, noxious liquids, raw sewage and garbage from ships.
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