Discuss the opportunities and limitations for human activity presented by the northward shift of the permafrost limit. 25 marks

This essay will discuss the opportunities and limitations which the northward shift of the permafrost limit presents for human activity, including opportunities in oil and gas, mining, fishing, forestry and tourism, and limitations including ground subsidence and damage to structures when building on thermokarst landscapes. 

Permafrost is ground (soil and/or rock) which has been at or below 0 degrees Celsius for at least 2 consecutive years. Most areas North of 50 degrees latitude have varying amounts of permafrost, apart from Europe where warm water brought over from the Caribbean by the Gulf Stream makes the climate too warm for permafrost to form. As global temperatures rise, permafrost is beginning to thaw and retreat northwards where temperatures are still low enough for the ground to remain frozen. 

One opportunity for human activity presented by the northward shift of the permafrost limit is that new reserves of oil and gas are being identified, and known oil and gas reserves are becoming accessible. There are many major hydrocarbon deposits in Arctic countries including Alaska, Canada, Norway and Russia, with an estimated 90 billion barrels of oil above the Arctic Circle (this makes up approximately 13% of the world’s oil reserves). Currently, much of these reserves are inaccessible as the hostile environment of the Arctic, with very low temperatures and strong winds, could damage oil and gas rigs both on land and at sea. As the permafrost limit retreats northwards and the sea ice begins to melt, these hydrocarbon deposits are likely to become recoverable. Similarly, opportunities for mining and mineral extraction may arise as the permafrost limit shifts northwards. Many Arctic countries have large mineral reserves, including copper, iron, coal and diamond deposits in northern Sweden and Russia, which are currently unable to be exploited. As the permafrost thaws, new areas of bedrock will become exposed, presenting new opportunities for the mining and mineral extraction industries in Arctic areas.   

A further opportunity for human activity presented by the northward shift of the permafrost limit is that new shipping routes may be able to be identified, and existing shipping routes will become useable as the Arctic sea ice melts. As the sea ice melts in the summer months, new shipping routes can open up, such as the Northeast Passage which follows the northern coasts of Russia and Norway, linking the Atlantic and Pacific Oceans, encouraging trade and allowing the faster transport of goods and resources such as oil and gas.  

Another opportunity for human activity is expansion of the fishing industry, as retreating sea ice results in the growth of populations of certain fish species, and new fishing areas become accessible. As temperatures rise and conditions become more favourable, the populations of certain fish species such as herring and cod are able to grow. Additionally, the reduction in sea ice also means that new fishing grounds are able to be accessed, allowing the fishing industry to expand. 

Similarly, the forestry industry is also able to expand as the permafrost limit shifts northwards. Forests are a major source of income in Arctic countries and they generate huge amounts of money in these areas through the timber industry and its products. Currently, Arctic forests account for 38% of all global forests, and this number is likely to grow as global temperatures rise the permafrost limit moves northwards, allowing Arctic forests to expand. As a result, the timber industry in Arctic countries can also continue to grow. 

The Arctic is also becoming a popular tourist destination, with increasing numbers of tourists visiting to experience its wilderness, wildlife and sporting opportunities. As the permafrost limit shifts northwards, polar and glacial environments become more accessible, allowing the Arctic ecotourism industry to expand, creating jobs and benefitting local economies.  

In addition to a variety of opportunities, the shift of the permafrost limit has also presented a number of limitations. The main limitation is the creation of thermokarst landscapes. Thermokarst landscapes consist of ground with many small surface depressions caused by the thawing of ice in the pore spaces of the soil. Thermokarst landscapes are problematic to build on because they are often subjected to ground subsidence and other ground movement processes such as frost heave (expansion of the ground which occurs when water in the pore spaces of the soil freeze and expand by 9%, causing the ground to rise by a few centimetres), which cause damage to structures such as buildings and roads. As a result, building on thermokarst landscapes requires specialist engineering and construction. 

In order to successfully build on permafrost, houses and other small buildings are often elevated about 1m off the ground, to increase air flow underneath the buildings and prevent the transfer of heat into the permafrost, which could cause further subsidence. Larger buildings and structures such as roads, railways and air strips, are usually built on aggregate pads, which are layers of coarse sand and gravel 1 – 2m thick, designed to insulate the permafrost and prevent further subsidence. 

Provision of clean water, electricity and waste disposal is another challenge faced in permafrost areas. Telephone cables, electricity cables and water/sewage pipes cannot be buried underground, as they would be damaged by subsidence and frost heave. In large settlements with a few thousand people, these services are provided through the use of utilidors. Utilidors are insulated box conduits usually made of metal or wood that are elevated above the ground, which carry the necessary pipes and cables between buildings. However, in settlements where the use of utilidors would be uneconomical, basic services are provided by truck instead. 

[bookmark: _GoBack]In conclusion, the northward shift of the permafrost limit has presented human activity with many opportunities, including oil and gas, mining, forestry, fishing and tourism. It has also presented limitations, with the main problems being damage to structures caused by ground subsidence and the creation of thermokarst landscapes where the permafrost has thawed.     

