Examine how glaciers operate as a system. [25 marks]

This essay will examine how glaciers operate as a system, with inputs, throughputs, stores and outputs. It will also examine the concept of glacial budgets, including periods of positive, negative and zero mass balance. The classification of glaciers as warm based or cold based will also be discussed. 

The material input into the glacier system is mostly snow, and this can be input through direct precipitation onto the glacier, but also through avalanches from the surrounding slopes and by being blown onto the glacier by the wind. Other forms of precipitation such as sleet, hail and rain also add ice to the glacier, causing it to grow. The increase in the mass of ice caused by the addition of snow is referred to as accumulation. 

Ice mass is lost from a glacier mainly through melting, and this can be supraglacial (melting on the surface of the glacier), and basal melting (melting at the base or bottom of the glacier). Glaciers can also lose ice mass through direct evaporation from the ice surface (known as sublimation), or the calving of ice bergs, where chunks of ice break off from the glacier. The loss of mass from a glacier is referred to as ablation.    

In addition to inputs and outputs of ice, glaciers also have inputs and outputs of rock debris. Rock debris is input into the glacier by the weathering and erosion of the slopes around the glacier, and also from the erosive action of the glacier itself as it moves along. Glaciers erode rock through two different processes: abrasion and plucking. Abrasion is a process by which rock debris embedded in the ice at the base of a glacial is dragged across the bedrock, grinding and polishing the rock surface with a sandpaper-like effect. Plucking is a more complex process which involves the bedrock being loosened by weathering processes including freeze-thaw weathering, where water seeps into cracks in the rock, freezes and expands by 9% of its volume, gradually pushing the rock apart, and pressure release weathering, where the glacier erodes and removes overlying rock material, releasing the pressure and causing the rock below to expand and fracture parallel to the ground surface. The loose rock is then picked up and incorporated into the glacier via entrainment, where the ice freezes to the rock debris and pulls it along as the glacier moves.     

As the glacier moves, it transports the material it has picked up and eventually deposits it. The rock debris is output from the glacier in one of two ways. It is either dropped and deposited as the glacier melts, or becomes lodged in cracks in the bedrock, forming lodgement till.   

The mass balance of a glacier is controlled by changes in the rates of accumulation and ablation. The mass balance of a glacier refers to the balance between the total accumulation and total ablation to a glacier over a year. If the rate of accumulation exceeds the rate of ablation, it results in a positive mass balance and the glacier will advance. However, if the rate of ablation exceeds the rate of accumulation, it results in a negative mass balance and the glacier will retreat. Zero mass balance can occur if the rate of accumulation matches the rate of ablation, and the glacier will remain stationary.  


The balance between accumulation and ablation is also the fundamental cause of glacier ice movement. As ice mass builds up over time in the ablation zone, the weight of the ice exerts an increasing downslope force due to gravity, known as shear stress. As the ice accumulates, the slope eventually becomes steep enough that the underlying ice cannot support it. Once the shear stress is great enough to overcome the resisting force of the ice and friction (shear strength), the glacier ice deforms and moves downhill away from the accumulation zone. 

The speed at which a glacier moves forward depends on the degree of imbalance between the accumulation and ablation zones. Glaciers in temperate-maritime climates have greater snowfall in winter and experience more rapid ablation in summer than glaciers in colder and more continental climates. Therefore, the imbalance between accumulation and ablation is greater in temperate-maritime glaciers, so the glacier ice must move more rapidly to maintain the equilibrium slope angle. On the other hand, the slow rates of accumulation and ablation of glaciers in cold, continental climates means that there is a smaller imbalance, and this results in slower ice movement.    

Glaciers can be classified according to their thermal characteristics, as cold based or warm based glaciers, depending on whether or not they are frozen to the underlying bedrock. In polar regions of the world, the majority of glaciers are cold based, and outside of polar regions, glaciers tend to be warm based. Some large glaciers and ice caps can be both, being cold based in the upper parts of the glacier and warm based near their margins where they extend across different climatic zones.  

In conclusion, glaciers operate as systems with inputs, throughputs, stores and outputs. The rates of accumulation and ablation also control ice movement and the speed at which the glacier moves. 
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